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NOTICES

When Government drawings, specifications, or other data are used
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ment procurement operation, the United States Government thereby in-
cursnoresponsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
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The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government’s proprietary interests and those of others.
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FOREWORD

This report was prepared by the Armour Research Foundation on

Contract Number AF33(088)-3793, Research and Development Order Number
601-301, "Aircraft Fuels and Lubricating 0ils". Work was initiated
in October, 1950,end was administered under the direction of the
Petroleum Products Brench of the Materials Laboratory, Directorate of
Research, Wright Air Development Center, with Mr, R. W, Altman acting
as Project Engineer. In June, 1951, Mrs. E. J. Bartholomew assumed
the duties of Project Engineer. Mr. J. W. Briscoe of the Instrument
and Navigation Branch, Equipment Laboratory, Directorate of Labora-
tories, Wright Alir Development Center, also worked closely with this
project.

Personnel of the Armour Research Foundation who participated in
this project are Harvey J., Finison, Chairman, Electrical Engineering
Research, Raymond E. Zenner, Asst. Chairman, Clifford C. Petersen,
Supervisor, Professor L. W. Matsch, Joseph L. BRadnik, Paul E, Bowers,
and George Slad of the Electrical Engineering Departifent; Maurice Kayner,
Research Analytical Chemist, Ralph Hinch Jr., Donald Laskowski, Donald

O. Landon, and Ilse M. Wolfson of the Chemistry and Chemical Engineering

Department.
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ABSTRACT

To assist in evaluating the capacitance type fuel aquantity gage
for aircraft, a study was made of various fuel specimens by the Armour
Research Foundation, Chicago, Illinois, during the period October 1950
to October 1951.

Measurements of dielectric constant, dissipation factor, and
density were made on 220 samples of aviation fuels of grades 91/98,
100/130, 115/145, JP-1, JP-3, and JP-4 and certain experimental and
foreign fuels received from various suppliers.

This report summarizes this work as well as other investigations
such as effect of evaporation, and effect of moisture content.

The capacity index, a criterion of gage response to a given mass
of fuel, determined at the reference condition of 32°F and YOO cps, was
found to vary as much as 4 or 5% among the specimens of any of the
grades 91/98, 115/145, end JP-1, and as much as 5.6% in grades 100/130
and JP-3,

The change in mean values of capacity index due to evaporation
of 104 by volume was under .3% for all érades of aviation fuel,

PUBLICATION REVIEW

Manuscript Copy of this report has been reviewed and found
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INTRODUCTION

The capacitance-type fuel quantity gage for aircraft is comprised
essentially of a capacitor of concentric cylindrical plates standing
vertically in the fuel tank. This arrangement has a certain value of
capacitance when the medium between the plates is air. A4s fuel is added
to the tank and the level rises and displaces the air, the value of
capacitance increases until, when full, the capacitance is about twice
the value measured while empty. The factor two is approximately the
dielectric constant of aviation fuels,

In addition to simplifying the sensing element by eliminating
moving parts, such as floats which are part of the old type gages, the
capacitance-type gage partially compensates for volume changes of the
fuel which result from temperature changes. The volumetric expansion of
gasoline due to an increase in temperature is accompanied by a decrease
in dielectric constant tending partially to maintain a constant value of
capacitance for a given mass of fuel, regardless of temperature changes.
Further compensation which also corrects for differences between fuels
is usually achieved in a simple manner by built in compenéators. Since
the energy available in a quantity of fuel is dependent on the mass
rather than the volume of the fuel, the advantage of this type gage is self
evident,

To utilize the capacitance-type fuel quantity gage it is necessary
to know the value of dielectric constant for all fuels used. The purpose

of this investigation has been to determine the dielectric constant of
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various fuel specimens obtained from various sources throughout the United
States along with a few fuels from foreign sources, and to investigate the
behavior of this electrical characteristic under the influence of changing
temperature, and after ten per cent by volume has been evaporated. Density
measurements of these specimens were alsc needed for the purpose of
correlation with the dielectric measurements. Dissipation factor measurements
were obtained to determine the presence of conductive constituents. A special
investigation was also made to determine the effect of moisture.

In addition, work was carried out with a study group composed of
representatives of interested users and suppliers of aircraft fuels and fuel
gages and a standard test method was developed and proposed.

The investigations reported here were carried out over a period of
one year, Measurements were made on a total of 220 specimens of the
following types:

Grade 91/98 - 55 specimens

Grade 100/130 - 51 specimens
Grads 115/145 - l)y specimens

Grade JP-1 - 24 specimens

Grade JP-3 - 35 specimens

Grade JP-k - 6 specimens

Experimental - 5 specimens.
SECTION I

APPABATUS AND EQUIPMENT
A. Electrical Measwing Equipment

1. Cell

A Balsbaugh type 3TN 25 three terminal liquid dielectric measuring
cell was used in the dielectric measurements. It is a guarded cell made of
glass and nickel, has an empty capacitance of about 25 micro-microfarads, and
holds about 85 cc of liquid. Being small in mass, it is well suited

for applications where temperature is to be changed often. This
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cell used with the present bridge circuit yields measurements of dielectric
constant which are accurate to within + 1,0 per cent. Sufficient sensitivity
is available to distinguish between values of dielectric constant which

differ by 0.2 per cent. Figure 1 shows the Balsbaugh cell disassembled.

2. Bridge Circuit

The General Radio Type 716C Capacitance Bridge, used in conjunction
with a Wagner ground coupling circuit to balance the guard circuit to ground
potential,was selected for these measurements. This bridge is usable up to
300 KC with an accuracy of + 0.2 micro-microfarads in capacitance and
+ 0,0002 or + 2 per cent, whichever is greater, in dissipation factor. A
General Radio Type 722D Precision Condenser was used as a balancing capacitor
in the bridge circuit. Figure 2 shows the circuit and Figure 3 is a
photograph of the entire bridge circuit.

Equations applicable to the 716C Capacitance Bridge, when used in
the substitution method, and when the dissipation factor of the specimen is

less than 0,1 are:

Capacitance: Cx = AC
Dissipation Factor: Dy = (C!'/AC)
where
AC = C'=C f = oscillator frequency
AD = D-D! fo= frequency step set on bridge.

Initial readings with the unknown out of the circuit are indicated by
primes, and A stands for %change in." D and D' include the 0.0l multiplier
which should be applied to the scale readings.

With this type of bridge circﬁit, the generator and detector

connections to the bridge should be interchanged at the higher frequencies
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to obtain better sensitivity.

3. Oscillator

A Hewlett~Packard Model 200C oscillator having a frequency range
of 20 cycles to 200 KC was used as the source, The oscillator gives a
voltage of about six volts across the measuring cell at frequencies up to
twenty kilocycles, At higher frequencies the voltage decreases to about

one volt,

4. Null Detector

As & null detector a General Electric Type CRO-3A Cathode Ray
Oscilloscope, with a sensitivity of 0.30 volt per inch, was used in

conjunction with an amplifier having a gain of 100,

5. Shielding
Guard shields were used as shown in Figure 2; in addition,
grounded exterior shields wecre used to eliminate 60 cycle pickup. The

lining of the temperature chamber was also grounded.

B, Temperature Equipment

1. Chanber

An American Instrument Company, sub-zero, constant temperature test
cabinet, using dry ice and providing cantrol accurate within * 0.5°F,wag used
to obtain the required temperatures. Thermostatic equipment operates a
blower which forces the cold carban dioxide atmosphere of the dry ice
chamber into the test chamber. (lose control of temperature is achieved
by heating coils which operate alternately with the cold blower. Chamber

temperatures from -100 to 4+220°F can be maintained.
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The measuring cells were suspended in an air bath within the test
chamber, as shown in Figure 4. The air bath was constantly circulated by

an auxiliary blower.

2. Temperature Measuring Equipment

The temperéture was measured by means of a glass stem thermometer
placed near the measuring cells and readable through the chamber window.
The chamber was held at the desired temperature for 30 minutes before
making electrical measurements.

The accuracy of these temperature measurements is considered
adequate in view of the small changes of dielectric constant caused by
temperature change. An inaccuracy of 3°F will cause & small change in the

dielectric constant about equal to the sensitivity of the measuring circuit.

C. Experimental Cell

While the Balsbaugh cell gave adequate results for this
investigation, and appeared to be the best of existing cell designs, it was
necessary to design a new cell for special investigation,such as moisture
content where very small changes in dielectric constant were measﬁred,for
the following reasons:

The measurement of dielectric constant and dissipation factor of
aviation fuels over a temperature range of -65°F to 130°F imposes a special
problem in that existing cells do not provide a closed system for sealing
in the vapors and for sealing out condensation. Further characteristics
objectionable in existing cells are lack of provision for filling without
disturbing the electrodes, too small a capacitance, and difficulty in

cleaning if the cell should become contaminated.
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The revised experimental cell, as is shown in Figure 5, is
constructed essentially of a standard taper ground joint of Pyrex, two
lengths of Pyrex tubing, and two lengths of Nickel tubing. Contacts are
carried through the glass by means of platinum wire sealed in the Pyrex
and formed into a contact bead. The Nickel tubes slip over these beads
by means of grooves in their inner surfaces, and are placed, after slight
rotation,so that they wedge tightly over the contact beads. Small wedge
shaped grooves in the cylinders insure good contact and fix their
positions. All parts can be removed for thorough cleaning.

The cell was further equipped with a reservoir and filling and
draining cocks to permit filling without disturbing the electrodes and
to facilitate testing of successive samples, in which case the cell is
flushed with an excess portion of the sample to be tested.

This type of construction results in a high capacitance, low
liquid volume cell which presents a large external surface area to the
temperature bath in which the cell is placed. Because of its higher
capacitance, this cell increases the accuracy of the capacitanc¢
measurements and also increases the sensitivity of the dissipation
factor meas urements.

The revised cell has the following characteristics:

Overall Height in Stand 13 7/8n
Projected Floor Space 8 x 10
I.D. of Outer Electrode 3-3/64

0.D. of Inner and Guard Electrodes 2-15/16%

Average Gap Q70"
Iength of Electrodes, Outer 6=3/Ln
Inner 5"
Guards i
Wall Thickness of Electrodes 030"
Capacitance, Empty 150mnf
Liquid Capacity 175ml
WADC TR 52-53 . 6
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L
Oscillator Hewlett~Packard Model 200C
Amplifier Ballantine Model 220
Cathode Ray Oscilloscope -~ General Electric, Type CRO-3A
Cp General Radio Type 722D Precision Condenser
with worm correction
Rg and R General Radio Type 602 Decade Resistance Boxes
Cg and Cy General Radio Type 722D Precision Condensers
Ras Rb, Cgs Cps and Cp —--- General Radio Type 716C Capacitance Bridge
FIG. 2 - BRIDGE CIRCUIT
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Figure 3.
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SECTION I1I
METHOD

A. Measurement of Dielectric Constant and Dissipation Factor

l. Procedure

Six measuring cells of the guarded type are disassemtled and
cleaned by shaking with clean dry acetone. After drying, the cells are
assembled and placed in the test chamber. The capacitance while empty is
measured, using the substitution method wherein the high lead to the cell
(K Figure 2) is connected for one measurement and then disconnected for
ancther measurement. This procedure effectively eliminates the capacitance
and losses of the leads. It has been found that the value of capacitance
while empty does not vary significantly with temperature; however,due to
reassembly,a slight change in value may occur so that it is necessary to
determine the empty capacitance after each reassembly.

The cells are then filled with the fuels to be measured and the
temperature is adjusted until a glass stem thermometer placed near the cells
indicates the desired temperature. After holding the temperature constant
for 30 minutes, the capacitance of the filled cells is measured by the
substitution method. Two measurements are made at 32°F (0°C) to make sure
cooling to =65°F (~54°C) has not changed the fuel characteristics. .

During the test run it is necessary to open the top of the test
chamber. The top is equipped with an automatic switch so that when opened
the fans are cut off. No change in cell temperature is detected due to
this brief opening.

Periodic calibration of the measuring cells is made with
chemically pure benzene. Corrections of the guarded Balsbaugh cell have been

negligible. The dielectric constant of the fuel, therefore, is
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simply the ratio of the capacitance while full to the capacitance while

empty.

2. Operation of Coupling Circuit

Referring to Figure 2, the resistors Rg and Ry and the capacitors
Cs and Ct comprise the Wagner ground coupling circuit. The values of Rg
and Rt should roughly conform to the values of the bridge ratio arms Ry and
RB, respectively. The function of the coupling circuit is to adjust the
potential of the guard circuit, including the shields and the guard ring of
the measuring cell, to ground potential. When this condition is achieved
there can be no charging current through the terminal capacitance, guard ring
to gréund plate of the measuring cell, and therefore no bridge current
shunting the direct capacitance of the cell.

In practice, successive balances are made with the switch S
alternately opened and closed. With S open, Cy, and C, are adjusted until
the oscilloscope indicates a null. Switch S is closed, usually upsetting
the null indication; Rs and Cs are adjusted until a null is again
indicated. This process is continued until no change occurs when S is
opened or closed.

B. Density Measurement

Determination of fuel density was made with special pycnometers
calibrated to indicate true volume, This method, described in A. S. T. M .
Specification D-941-57T, gives results which are accurate to within .05
per cent, Constant temperatufe liquid baths were constructed using |

transparent Dewar flasks so the pycnometer graduations may be read without
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lifting the pycnometer out of the bath. Density in grams per cc is

converted to density in pounds per gallon by multiplying by 843L5k.

C. Capacity Index

The capacity index is defined in OSRD Report No. L4016, June
30, 194L, "Some Characteristics of Aircraft Engine Fuels: Their
Influence on Capacitor Type Tank Gages." It is the ratio

KL
D

where K is the fuel dielectric constant and D the fuel density.
The OSKD report shows that the indication of a capacitance type
fuel gage is proportional to the product of the mass and the capacity

index provided the liquid in the tank has a constant surface'area.

D. Effect of Moisture Content

1) Electrical Measurements
Because of the small effects of moisture content indicated in
previous investigations, it was necessary to use a larger, more aécurate
cell in the determination of dielectric constant and dissipation factor.
Three specimens of each of grades 91/98, 100/130, 115/145 and
JP-3 and one specimen of grade JP-L were measured at 77°F and LOO cps as
received and after saturation with distilled water, synthetic hard water,
and synthetic sea water. Electrical measurements were made after all
specimens had settled 24 hours, and the specimen used was drawn off the
upper portion of the saturated fuel to eliminate excess water.
2) Moisture Content Measurements .

The amount of water present in the fuels as received and after

saturation was detemmined by the Karl Fischer method. This method is
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accurate to within approximately 3 parts per million (milligrams of H,0 per

liter of fuel).

E. Handling of Specimens

Specimens were stored in their original containers in an outdoor
enclosure protected from the weather. Before measurements one quart of
each specimen was processed to distill off 10 per cent by volume. This
portion was designated with the suffix "E" and was treated as a distinctly
different specimen. All specimens were handled in brown glass bottles to
prevent possible lformation of precipitate due to sunlight. One pint of

each specimen was retained after electrical measurements.

SECTION III
RESULTS
A. Dielectric Constant, Density, and Capacity Index versus Temperature

Dielectric constan£ at 40U cps and density were measured and
capacity index was calculated for about one of every five test specimens
through a temperature range of -65°F (-54°C) to 130°F (54°C) with results
given in Tables 1 to 7 inclusive and plotted on Figures 6 to 28 inclusive.

The group consisted of the foilowing number of specimens of each grade of

fuels
Grade 91/98 - 10
Grade 100/130 - 9
Grade 115/145 - 9
Grade JP-1 - 6
Grade JpP-3 - 6
Grade JP-L - 6
Experimental - L.

In these and all following results, the suffix WE" designates

a specimen after evaporation of 10% by volume.
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The mean slopes of the dielectric constant versus temperature
curves listed above were calculated for each grade of fuel to be used in
determining the mean temperature coefficient and are presented in Table
20. The density of all specimens was practically a linear function of
temperature. Data has been compiled to show this relation and is
presented in a subsequent section.

Two specimens exhibited peculiar behavior due to temperature
change. Initially the dielectric constant of specimen No. 2L8 measured
2.127 at 32°F (0°C). After cooling to -65°F (-54°C) and then reheating
to 32°F (0°C) the fuel measured 2.149. A fresh sample was used for the
high temperatures, giving a measurement of 2,052 at 130°F (54°C). The
sample which had been subjected to the low temperatures measured 2,092
at 130°F (54°C). Sample No. 365E also exhibited a behavior similar to
that of No. 2u48. Initially at 32°F (0°C), its dielectric constant
measured 1,994. After cooling to -65°F (=54°C) and then reheating to
32°F (0°C), the fuel measured 1,984. After further heating to 130°F
(54°C) and then recooling to 32°F (0°C), the dielectric constant
measured 1,972, These effects were demonstrated by several repetitions
of the experiment.

B. Dielectric Constant, Density, and Capacity Index at 32°F (0°C):
All Specimens.

The dielectric constant at 40O cps and the density were
measured, and capacity index calculated for all specimens at 32°F (0°C).
These results are presented in Tables 8 to 1i inclusive, and are shown
graphically in Figures 29 to 33. Figures 34 to 38 present plots of
dielectric constant versus density at 32°F (0°C) and a line of regression,

determined by statistical means, ("Methods of Correlation Analysis",
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M. Ezekiel, Wiley and Sons, 1941, Chapter 8). This line is the best
straight line which can be drawn to depict the correlation between the
two variables., The figures also give the per unit correlation, 1.0
being perfect correlation.

Figures 39 to 43 present plots of capacity index versus
dielectric constant at 32°F (0°C) and lines of regression for these two
variables,

Figures Ll and 45 show lines of regression of dielectric constant
versus density and capacity index versus dielectric constant for all
grades plotted on one chart. Also included on these charts are lines of
regression for a combination of 51 specimens of grade 100/130 and Ll
specimens of grade 115/145S fuels; and a combination of 51 specimens of
grade 100/130, Lk samples of grade 115/145, and 35 samples of grade JP-3
fuels.

Tables 15 and 16 present the mean, maximum, and minimum values
of dielectric constant, density, and capacity index of both the
unevaporated and evaporated samples at 32°F (0°C) for each grade and for
combinations of grades 100/130 and 115/1L5, and grades 100/130, 115/145,
and JP-3. From these tables the effect of evaporation of 10% by volume
was determined and is presented in Table 17.

C. Dissipation Factor

The electrical measuring circuit, using the Balsbaugh cell, is
sensitive only to values of dissipation factor greater than about 0,0007

at 40O cps. Therefore, only dissipation factors exceeding this value are

reported in Table 18.
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D. Slope of Density versus Temperature Curves as a Function of Density

The density versus temperature curves of 36 fuel specimens were
analyzed and equations were derived which predict density values at various
temperaturesg, |

Table 19 gives the slope of the density versus temperature
characteristic for each specimen considered in this determination. The
slope appears to be approximately a linear function of density at 32°F
(0°C) as shown in Figure L6. The per unit correlation of the line of
regression was determined to be 0,888, unity being perfect correlation.

Based on these calculations, the general equation for
determining density of temperature T when the density at 32°F is known

becomes

DT = D32 (.983822 + ,00050556T)

where D is the density in pounds per gallon, and T is the temperature in
degrees F.
Specific equations which apply to the end points of the
temperature range ares:
D_gg = D3p («95096) + 67223
D330 = D32 (1.0495Lk) ~ .67916

E. Dielectric Constant, Density, and Capacity Index at -65°F (=54°C),
s an F (O47°C)

Using the mean slope of the dielectric constant versus temperature
curves and the mean value of dielectric constant, the mean temperature
coefficient of dielectric constant was determined for each grade of fuel
and is presented in Table 20. The temperature coefficient is defined by

the following equations:
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K¢ = K32 (1-«(t=32) ) or Kir = Ko (1= tt?)
where K is the dielectric constant
t is the temperature in degrees F
t' is the temperature in degrees C
& is the temperature coefficient of dielectiric constant per degree F
«'is the temperature coefficient of dielectric constant per degree C.
Using this equation, the dielectric constants of all specimens not
tested at temperatures other than 32°F (0°C) were calculated at -65°F (-5L°C)
and 130°F (5L°C). Density was determined at these same two temperatures by
means of the equations of the preceding section, thereby permitting
calculation of the capacity index.
Tables 21 to 26 present the dielectric constant and density and
fables 27 to 32 the capacity index of all specimens at -65°F (-54°C),
32°F (0°C), and 130°F (54°C) for each grade of fuel.
Plots of dielectric constant versus density and capacity index

versus dielectric constant at the three temperatures are shown in Figures

k7 to 56, inclusive,

F. Effect of Moisture Content

The results of the effect of moisture content investigation using

the revised cell are presented in Tables 33, 34 and 35.

G. Chemical Properties versus Dielectric Constant

Attempts to correlate initial boiling point, and lead, sulfur, and
aromatic content with dielectric constant showed insignificant correlation.
These quantities are presented in Tables 36 to LO, inclusive, and are shown
graphically in Figures 57 and 58 for grade 91/98 fﬁel.

| The aniline=gravity constant, howevér, exhibited a definite

relationship to the dielectric constant. This relationship is shown
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graphically in Figures 59 to 61 inclusive.

He Evaluation of New Cell

A calibration at room temperature was performed using chemically
pure, benzene as a standard liquid. The dielectric constant of the benzene
measured 2.277. The accepted value at 77°F is 2.27L.

Two gage lines are inscribed on the glass cell at the ground
joint so the cell may be assembled the same way each time it is cleaned.
Only a slight change in empty capacitance is noted after repeated
disassemblies and assemblies.

An investigation was made to determine the changes of the cell
capacitance, while empty, during a temperature run. The results of this
investigation showed that the changes in empty cell capacitance over the
temperature range of -65°F (~54°C) to 130°F (5L°C) are insignificant
considering the sensitivity of the bridge circuit.

I. Effect of Storage and Handling

Three samples of fuel, one from the fueling truck, one from a
B~36 aircraft before flight, and one from the same B-36 after flight,were
tested at 77°F (25°9C) and 400 cps to determine the effect of storage and
handling upon the electrical and physical properties of the fuel. To
obtain greater sensitivity and accuracy, the experimental cell was used
in the measurement of dlelectric properties. The results of these tests

are presented in Table k1.

WADC TR H2-53 20




geote
6hs°S
906°T

TI9T*
629°S
L06°T

Log9T*
9L5°5
968°T

6191°
809°S
806°T

009T*
695°s
T68°T

€09T*
NEg s
S€6°1T
909T°
6LL°S
826°1

(9,M8)0ET

Thot*
15l
mé T

€e9T”
S€8°S
£€56°1

029T°
8LL°S
9¢6°T

SE9T*
e28°s
256°1

2e9t*
S8L°5
8€6°T

8cot*
610°9
$86°1

2Tt
866°S
L96°T

(0,52) LL

mot* N991*® S99T° mot*
0£6°S 010°9 0T2*9 60€°9
Sl6°T 0T0°2 1€0°2 9H0°2
lEoT* 2not® 2591* T99T°
TI0%9 251°9 G62°9 €6€°9
186°1 0T0°2 oto°z 290°2
9291° geE9T” ™ot* 9€91*°
696°S 660°9 ofe*9 6€€°9
696°T 666°T 11202 1£0°2
mot* not* sot* LS9T°
€00°9 €51°9 20€°9 9
186°T €10°2 2no°z 290°2
TeoT® l£9T° ghot® not*
216°s T21°9 042°9 91£°9
996°T 200°2 £60°2 050°2
2€9T® S29T® m9t° 6€9T*
6£2°9 68€°9 ofs*9 M9°9
gT0°2 g€0°2 Ll0°2 690°2
9T9T* 9291° ahot® ehot”
881°9 6£€°9 - Té1°9 1165°9
000°2 1€0°2 890°2 €980°2
(0,0)2€ (0,021 (0,0M=)ott= (0 M- ) S~

d seaxde(q ‘eangeredme],

(10)
( Q)
(oa)
(109)
(oa)
(10)
(oa)
(10)
(o)
(10)
(oa)
(10)
(oa)
(10)
(o)

€le

¥95¢

9aC

geee

gee

q6Te

612

Joqump
uemrpoedg

sTend 96/16 epexd

xopu] £331oede) pue °(UOTTeD/qT) ITV UL L31sueq
puoosg xad £8T3L) OOf 4B JURESUO) OTI}OOTETA

T ¥Iavid

21

NADC TR 52-53




6291°
18L°S
en6°1

ofot*®
geL°s
rAI (3

fhot*
"185°5
gT6°T

6291 °
£15°5
€061

PAK:] ad
selL°s
926°1

6S91°
069°S
mé 1

L291°
185°S
606°T

(0 NS)0ET

Se9T*
986°5
€L6°T

mot*
T€6°S
€L6°1

Mot*
06L°S
€96°T

6€9T°
INTAS
N6 1

4321 A
126°s
196°1

9S91°

568°5
9L6°T
™ot*
96L°s
T56°T

(0,52) 1L

L29T°
691°9
100°2

onot*
TTT*9
200°2

299T°
£96°S
S86°T

ghotT*
226°S
9l6°1T

geot”®
00T°*9
€66°1

T99T*
0.0°9
800°2

2s9T”
0L6°S
986°T

(0,0)2€

™9t*
STE°9
9€0°2

mote
852°9
0£0°2

T99T*
€01°9
oz

259t*
850°9
T00°2

659T°
of2*9
S€0°2

S99T°
602°9
gMoe

TS9T®
TIT*9
600°2

(9,02-)%-

2S9T°
651°9
L90°2

999T°
66€°9
990°2

8991°
2ie*9
To*2

6991°
NeT*9
€02

659T°
gl£°9
850°2

00.T°®
ME*9
610°2

€591°

152°9
€€0°2

(0,01=)0f=

659T°
655°9
880°2

9l91*
66M°9
680°2

elot®

THE®9
090°2

h99t*
162°9
o2

€99T°
9LN°9
LL0°2

669T°
m°9
560°2

2s9T°
6%E°9
§50°2

m oo:mlm s9-

d seedleq ‘eanjeredwe],

agee

9ce

q60€

60€

q.0¢

L0€

aele

Jequny
uswyoeds

(ponutiuo))

T TI9VL

22

WADC TR 52-53




68sT*
L0g*s
€26°1T

€e9t’
19L°5
™6°T

69ST°
059°S
868°T

2991°
855°5
8T6°1T

0L91°
2€8°S
qL6°1

TS9T®
€8.°S5
556°1

[EXBES

S6ST°® 809T° L1oT® L29t®
L10°9 66T°9 afie*9 T61°9
096°T L66°T 920°¢ 950°2

9T9T* 029T°® €e9T® SE9T°®
0l6°s €ST°9 00€°9 99
$96°T 166°T 620°2 1502

8T9T* €notT® S99T° lEgt®
198°s mo*9 €0T°9 12€°9
éM6°T 166°T 9T0°2 9£0°2

TS9T* 829T® 059T* S991°
99.L°S 9M6°s 060°9 T€2°9
286°T 896°1 S00°2 050°2

lg9t*® 069T* €olt® it
9£0°9 €12°9 €S€°9 €61°9
gTo°2 050°2 280°2 €TT°2

9l9T* o99T° ng9t* €991
986°S €9T°9 TOE*9 T
€00°2 120°2 T90°2 190°2
(0552) LL (0,0)2¢ (0,02=)1~ (0 0t1=)of-

6291°
165°9
10

Lagt®
615°9
580°2

9€9T*
92h°9
T30°2

solt®
13€°9
6L0°2

oelt®
5985°9
6€T°2

069T°
NES*9
not*e

Noo:MImmml

J 8081391 ‘exngsredue]

(10)
(oa)
(10)
(oa)
(I0)
(o@)
(10)
(oa)
(10)
(0q)
(10)

(o

I

i

a.
|

(penutiuo))

T TEVL

F00M

0ot

F39€

89€

agse

ese

Jequmy
uewgoadg

23

WADC TR 52-63




299T° 2L9T° 099T* LI SloT* 069T*
905°S ol°s - 1gg8°s €20°9 T9T°9 092°9
ST6°T 1S6°T Li6°T 800°2 2€0°2 850°2
€I9T* 2ot Mot of9T* mote o9t
895°S 9LL°S 6%6°S 980°9 822°9 S2€°9
869°T g€6°T 8l6°T 866°1 1120°2 o *e
Lo9T* OT9T® gT9T® SE9T® HE9T® 2ot
Ts°s STL°S 168°S 620°9 691°9 992°9
999°T 026°T £96°T 986°T 800°2 620°2
809T* 229T° 0€£9T*® 2€9T° onot*® JA (] d
€29°S 228°s N66°S 9¢1°9 Sle*9 69€°9
106°T M6 T LI6°T T00°2 620°2 610°2
T6stT* 9T9T"® L29T® 9E9T* , Mot 0S91*
LIs*s SLL*S M6 s 280°9 112°9 2TE*9
198°T €€6°1 196°T G66°T 11202 ™o®2
6M9T° 899T* S99T° 2lot°® €99T° €191
gEL"S 256°S 2€T°9 Sle*9 gTH*9 025°9
o6t €66°T T20°%2 6ho°e 080°2 T60°2
€noT” 299T° Ti9T® 699T° £89T° 20.1°
£89°S 968°S 910°9 0T2°9 TS€°9 0S1°9
NEs 1T 086°T S10°2 610°2 690°2 860°2
ENOLA (Dg52) LL (950)2€ (0,02-)1= (0,01-)0ft= (Oofi5=) 59~

Jd seszdeq ‘aangraeduey

(10)
(0q)
(10)
(0a)
(10)
(oa)
(19)
(oa)
(10)
( Q)
(oq)
(10)
(oa)
(19)
(o@)

582

Jote

one

qalee

Le2

4012

ote

Jequmy
uenrgoedsg

sTond O€T/00T opead
xepul £3Toede) pue °(UoTTeD/QT) 4TV Ut L31sueq
puooeg Jod SaTOAD OQN 3e JUe}SUO) OTJI308TETd

g TVl

2l

WADC TR 52-53




659T°
S€8°5
896°T

engte
MELSS
2né°T

2991*
908°5
- 6596°1

S59tT°
ETA
£56°1T

€L9T°
89L°S
5961

Loot*
869°5
086°T

Mot *
255°S
€16°1

(0,MS)OET

€99T°
o9
gT0°*2

259T*
oM6*a
286°T

NSe9t®
910°9
566°T

olgt®
596°S
966°1

9891°
Tl6°s
L00°2

T991°
006°S
086°T

enot*®

LSL°S
M6°T

(0,52)LL

9.i9T* oLt
822°9 . 062°9
102 120°2
Shot*® 0l9T*
82T°9 29
800°2 gho°e
0g9T* 989T°
98T°9 6€€°9
o2 690°2
089t”* 9891°
L9 262°9
2€0°2 T90°2
689T° 9691°
99 982°9
geo°e 990°¢
elot’ Sgot”*
5l0°9 29
910°2 LMoz
mmot*® 899T*
T€6°S 690°9
Sl6°T 900°2
(0,0)2€ (0,02=)1=

neot®
615°9
ot°e

069T°
819
§80°2

1891°
8h°9
160°2

€69T°
EEN°9
680°2

60.LT*
sen°9
860°2

go.LT®
€9€°9
580°2

0s91°
L02°9
1202

AooOdlMOJI

9691°
8T9°9
fet*e

€69T°
025°9
not*2

2891°
285°9
10T 2

969T*
ES*9
goT°2

goll®
T2s°9
XA

MoLT®
TSH°9
660°2

999T°
€0€°9
050°2

AooﬁlvmWI

Jd eeale(g ‘sangexedum]

q2L9€

L9€

(011

0€E

d00¢

00¢

asge

Jeqump
uewroedg

(penutquo))

25

WADC TR 52-53




L6ST® L29T* 2ot gT9T* T29T* £29T°
085°S ngL*s 596°S TIT®9 152°%9 25€°9
68°T ™6 t 696°T 696°T 102 T€0°2

T8sT° 209T° S09T° 2T9T® 0291° €291°
625°S LEL°S 6T8°S T190°9 102°9 20£°9

it 6T6°T 056°T LLS°T 500°2 €20°2

991" S991° 969T* FAWA STIT® galt°
06L°S 000°9 M9T°9 T€€°9 1iM°9 LLS°9
996°T TT0°2 éh0°2 1180°2 (0] €€T%2

SL9T® Hg9oT* nLot* goLT*® 9TLT® T
L69°S 606°S £€60°9 Th2*9 98€°*9 L811°9
196 °T S66°T 020°2 990°2 960°2 6112

(0, f1S)0ET (0,52) 1L (0,002¢ (9,02-)1- (5,0%- )0k~ (9.N5-)59-

d o8a8eq ‘sanjeraduny

arTon

Tof

Igle

8Le

Jaqumy
uswgoeds

(penutquo))

¢ vVl

26

WADC TR 52-53




2l9T° L99T° €goT* 989t S69T*
Seles 206°S TM0°9 T8T°9 8L2°9
LS6°T Ng6°T L10°2 2o’z 1190°2
09T 6E9T* [ () oot 6£9T°
€18°s 1186°s 621°9 892°9 99€°9
€6t T96°T go0°2 g20°2 €foe
0591° mot* 9591° 9991° 99t*
€9l°s 126°S 0.0°9 102°9 SO€*9
N6 T 9l6°T 500°2 fico*2 6102
6not* €S9T* 099T* oL9T® 2991°
008°S €L6°S 601°9 mz*9 me 9
956°T lg6°T flto*e £ho°e 190°2
Shot* T99T® 6991° LloT® 699T°
9MLes 816°s 150°9 96T°9 962°9
Sté°1 LI6°T T10°2 6£0°2 €90°2
TE9T® TE9T® T€9T® 2hot* SE9T°
28l°s 656°S T0T°9 €129 2NE*9
£N6°T el6°T S66°T 920°2 Leo e
8T9T* ge9t* LEIT® Tot® 299T°
TE€LS 806°S 610°9 T61°9 682°9
L26°T 296°T 066°T 9T0°2 6€0°2

(0,92)LL (0,0)2€ (0,02=) 1= (0,01=)0%= (0,115=) 59~

J eexdeq ‘eanjexadure]

(19)
(oa)
(19)

(00)

(19)
(oa)
(10)
(oq)
(19)
(00)
(10)
(od)
(10)
(oq)

18¢

4092

09¢

q9€e

9t2

80¢

Jaqumy
uewgoeds

sTend SHT/STL epexd
xopul £4Toede) pue °(UoTTed/qI) ITV ut L31sueq

puodes Jed £6T24D QOY 9® JuUelsuo) dTI30eTeTd

€ TIavVL

27

WADC TR 52-53




6€9T° SS9T®
T09°S 908°s
QT6°T T96°T
€291° g€9T*
655°S 29L°*S
206°1T 6t
§291° T29T°
neses lELes
663°T 0€6°T
2E9T" s€91°
£8i1°S L89°s
S68°T 0£6°T
9€9T® ofotT®
265°S €6L°S
ST6°T 056°T
£e9t” neote
T1€5°S s€les
€06°T LE6°T
A1 099T*
895°S 89.°S
026°T 256°T
(0.M18)0€T moommvpp

9591° LS9T* 899T"® LL9T®
986°5 et 9 99¢°9 €99
T66°T S10°2 sto*e 1902
ot 8s9T* €99T* L99T°
2hi6°s 8.0°9 8Te*9 LT€°9
LL6°T 800°2 €0°2 £50°2
TE9T* TE9T® €9t 2h9tT*
0T6°S 050°9 06T°*9 062°9
196 °T 186°T L10°2 €€0°2
ot 8s9T"® L59T*® §29T°
298°s 000°9 S} S R} g€e*9
196°T G66°T l10°2 §i0°2
gnot* n99t°® 699T° 29T’
TL6°S TTL*9 61129 LE*9
196°T TI0°2 L£0°2 550°2
€€9T* LS9T* 299T* 099T*
606°S LTo°9 06T°9 Ll2%9
§96°T 200°2 620°2 2oz
S99T° gL9T* 199T° 989T*®
sfé°s 980°9 T22*9 T2€°9
066°T T20°2 LE0°2 990°2
(0,0)2€ (0,02=)11- (9,01-)0f=- (0,115=) 59~

Jd eaalde( ‘eangeiedumy],

(1)
(0a)
(19)
(0q)
(19)
(0a)
(10)
(o@)
(10)
(oq)
(10)
(oa)
(19)

(90)

e

anee

nee

aeTe

1349

4182

Jaqumyy
uawroads

(penutquo))

£ TIgVl

28

WADC TR 52-53



2I9t®
€95°S
568°1

2E9T*
05°5
868°T

S65T°
995°S
888°1T

T6ST®
8T5°5
848°T

(0,119)0ET

929T* Legt®
9.°5 eh6°s
8€6°T L96°T
Thot® 9t*®
STL°S 168°5
gE6°T l96°T
T29T° 6291°
€LL°S LMé*s
9€6°T 696°T
TO9T* geEJT
0c2lts 668°S
9TS°1 996°T
(0,52) LL (0,0)2€

ofgt ToT*
S80°9 122°9
866°1 2202
gnot* 659T°
9€0°9 611°9
S66°T 520°2
seor® gEgT”
980°9 922°9
S566°T 020°2
SE9T* onot*
5€0°9 9LT°9
186°T €02
(9,020 (9,01)0-

6€9T°
L2€*9
LE0°2

T99T°
842°9
£10°2

O£9T*
92€*9
T€0°2

2e9T”
1142°9
20°2

Aoo:mlv S9=-

d 98a8e( ‘suanqexsdus]

qeon

cof

qene

Al

Joqum.
usurroeds

(pouutauop)

29

WADC TR Hh2-H3




Q99T* 0691° £691° LT el gziT* (10)

665°9 €8.°9 9€6°9 650°L 8T*L Tl2*L (@

T0T°2 otL*2 L2 0T22 €22 £92°2 (00Q) 062
L991°* 0691* 20.T" zelt” ozl1* 20lT* (10)

919°9 €6L°9 €16°9 990°L 19T°L €l2°l (@

€01°2 giTL 2 28T*2 LT2°2 9€2°2 T92°2 (o) ange
619T° 8g9T° 629T° ozlT* gelt® 20.lT® (10)

G65°9 2LL*9 926°9 sto*l l9t°l A AN (@

Lot*2 €nLee 6LlT*2 FARAL 9€2°2 §52°2 (oq) 1192
9¢9T* 691" 1991° 989T* L69T* Q69T (19)

Te*9 S61°9 5599 28L°9 806°9 966°9 (@

£€0°2 Tl0%2 6TL 2 gt e 2lT2 8812 (o) aTne
€Nt 9991° S89T° N69T* 9TLT® selt® (10)

L0€*9 681°9 819°9 2LL*9 668°9 186°9 ( @

9£0°2 Tg0*2 02T°¢ Mtee 912 502°2 (oq) (4
ge9t” 9499T* T.9T® Sl9T® Q9T 689T° (10)

89€°9 Sfs*9 669°9 028°9 T96°9 120°L (@

€f0°2 1780°2 6TL"2 FAI{ R4 g9T°2 181°2 (oa) agee
ot ngot* 0991°* 889T° 669T° OT.T® (10)

€9€°9 T€S*9 189°9 908°9 826°9 £10°L (a

ho°2 080°2 €212 62 LLT*2 66T°2 (oq) €2
(0, 15)0E T 0052) LL (0,0)2€ (0,001~ (0.07=)0t= DaNG-) 50~ ToqunN

1 eoa3aq ‘aanjesadud] uswtoeds

30

sTong T~-df epead

xopul A3toede) pus °(uoTTed/qI) ITV UT A3TSueQ

puodes xed SaToLD QOf 48 JUBLSUC) OTI}OSTSTd
1 FIAVL

WADC TR 52-53




S89T*
T09*9
eIt e

2g9tT’
485°9
8012

T69T°
829°9
AR

glot®
€099
goT*2

9L9T*
S19°9
60T°2

(0,TS)0ET

€69T°
€LL*9
itee

669T°
29L°9
Y R

8891°
208°9
i e

2691°
€8.°9
git"e

2g9T*
S6L°9
€Nt e

(0,92)LL

TILT® 9zZ.1° Lt mite
926°9 610°.L 691°L fqe*l
SQT*2 lTz22 [ At S92°2

60.lT* Qelte FAIUN €9.1°
q16°9 Lol 8at°*l e L
2g1°e T22°2 ez 692°2

Q0.LT* WA ~ONLT® grLtTe
§56°9 T80°L 202°. 882°.
98T°2 €122 €5e°2 f12°2

SolT® - Telt onlt® ghit”
9€6°9 . 650°L 0gT°.L q92°L
€9T°2 ste*e 6te e 0l2*2

L69T" otitT* €TiT” €cit”
€96°9 fl0°L 002°*. 98e°L
08T°*2 1tz 2 £€€2°2 €922

(0,0)2€ (0,02~ 1~ (0,01-)0f= (0,115-) 99-

Jd eaad8eq ‘eangBrodue]

(I0)
(0a)
(10)
(00
(19)
(oq)
(19)
(oa)
(19)

(@
(oa)

anoe

i9¢

Joee

9¢e

J06¢

Jequmi
usupoeds

(penuTquoD)

1 TI9VL

31

WADC TR 52-53




6991° SlotT* TQ9T® -L69T° W69t 9691° (10)

2lT*9 99€°9 T€S*9 $99°9 961°9 268°9 (@

0£0°2 990°2 860°2 €12 TST*2 691°2 (oa) €92
ot 299T° 699T° T89T* SQ9T*® 699T° (10)

9€0°9 f€e*9 So1*9 £15°9 8.9°9 SLL*9 ()

166°T 9€0°2 690°2 001°2 set*e STz (0a) qlle
6S9T° 999T* zlot® 1991 269T° 2lot® (10)

T96°S 8ST°9 L2€°9 99'°9 T09°9 . 169°9 (@

686°T 920°2 gs0°2 680°2 LTT%2 A% R (oq) L2
N99T* 199T° 20.T* WLiT® ofit® ite (x0)

99t *9 059°9 018°9 £€6°9 650°L 0sT°L ()

680°2 2212 6512 88T*2 geee Me*e (oq) gghe
S99T° TQ9T* T69T® STiT® oglT® LELT® (19)

6TE€*9 105°9 999°9 €619 026°9 TT0°. (aq

250°2 €60°2 l21°e S91°2 L6T°2 gT2°2 (oa) ghe
gh9t* 999T* 8991° glot® £991° 89T (19)

609°9 96L°9 956°9 180° L rA A o€ L (@

680°2 212 09T*2 691°2 e e l22°2 (oq) 4602
059T* 299T° 9t 691 ® 0o0lt* Tell® (19)

LI*9 599°9 128°9 656°9 060°L glT®L ( @)

690°2 g0T°*2 €1z 6L1°2 S02°2 €22 (oa) 602
(9,13)0ET 0052)LL (0,0)2€ (0,02-)1%- (0,0f-)of=  (9,15=) 59~ Joqunil

g uewroedg
d seoade( ‘sangessdus],

STond ¢-df opexd

Xopul Kqtoede) pue ‘(UOTLED/qI) 4LV UT A3L1susq

puodsg Jed s8TALD QOf 38 FUBASUOD OTIF09TOT(]

S —————

S TIEVL

32

WADC TR 52-53




ot €99T* L99T® 6L9T° - n691°® oolt® (19)
H6€°9 0€9°9 06L°9 916°*9 THo®. 621°L (@
£50°2 960°2 A% R4 1912 €61°2 2T e (oq) qcon
0991* 9991 199t1° oLt OT.T® ceLT” (19)
8L2°9 8%°9 of9°*9 99L°9 £68°9 286°9 (a
2ho’e 080°2 021°2 G812 6lt°2 0T2°2 (oa) cof
69T £€99T° L9oT*® 9L9T"* 999T° 969T" (19)
650°9 L92°9 TEN®9 695°9 80L°9 £€08°9 (@
666°1 eno*e 2loe TOotT*2 TET*C ete (0@) q65€
S99T* 099T* T99T*® SloT* T89T* Lg9T* (10)
Tl6°S SLt*9 9NE*9 €819 029°9 8TL*9 (Q
166°T §20°2 1190°2 980°2 €II*2 €cTe (0q) 6S€
L99T* 0l9T° €l9T° 0691° [talo g g l99T*® (I0)
Sle°*9 L91°9 0£9°*9 S9L°9 L68°9 €66°9 ( a
ofo°2 080°2 6012 £ree 2912 081°2 (o) g€ge
(0,MS)0ET (0,92) LL (0,0)2¢ (0,02=) 1= (o,0%-)of- (0, 115-)55- .spswmm
UBUITO
d seaafey ‘eangeaedus] ot
(penutquo)d)

S TIEVL

33

WADC TR 52-53




9ot mot* Ta9t® 699T° 189T"* 691"
680°9 2le*9 eEN*9 095°9 989°9 9LL*9
200°2 £€0°2 290°2 560°2 geT 2 gL 2

6€9T"* 2991 1991 ° 989T° 619T° 069T°
€0€°*9 L8119 sf9°9 7109 206°9 £66°9
€€0°2 8l0°2 90T°2 A R 6ST°2 2812

T™ot* AT €99T° TioT® LioT*® g9t
NEe*9 FAAI N 585°9 0T.*9 S€9°9 526°9
€20°2 190°2 560°2 1212 oL 912

6291° 9591° SS9T* o9t 999T° 099T°
sfe*9 €9 885°9 6TL°9 S8°9 €€6°9
L10°2 $90°2 060°2 91T 2 onr*2 $9T°2

2591 6Not® T99T® €L9T* £g91° T69T*®
0.T°*9 SS€°9 LT5°9 Sfh9°9 €LL°9 098°9
610°2 gho°e 9.l0°2 eTL*2 offt*e 09T°2

of9t* LS9T*® €99T* LL9T® 9991° n691°
090°9 AL AL 96€°9 22s°*9 LY19°9 SEL*9
M66°T neo*e 1190°2 1602 1212 T 2

Thot® of9t* 9591° 899T° glot* 1891
0T0°%9 061°9 LNE*9 N9 965°9 S89°9
986°T ST0°2 TS0°2 080°2 £0T°2 ge21°2

(9,1$)0ET (0,52)LL (0,0)2€ (0,02-)1- (0,0=)ot- (0,15-)59=

d seeafeq ‘eaangexedus]

(10)
(0q)
(10)
(0a)
(10)
(oa)
(1I0)
(o)
(10)
(00)
(10)
(oa)
(1)
(oa)

ghs I 6T

QT

giMs ITH QTN

TLTh

LS I LT

dsTh

TS & ST

Jeqump
uewrroeds

————

STend f=-df opelp

xopul £3Toede) pue ‘(uoTTeD/qI) XTIV UT L3Tsusq

puoodsg aad saTas) OQON 38 JUelSUO) OTILO8TeT(]

3k

WADC TR 52-53



S9T® 199T° 959T* T.9T* glot* 20LT"® (10)
022°9 oTi1*9 695°9 569°9 28°9 0T6°9 ( a)
€20°2 290°2 880°2 6TT*2 Sit*e 9LT"2 (0a) Tren
om9t* 619L* 9591° clot* 989T° 8691° (19)
6ST°9 €9 €05°9 £€9°%9 T9L°9 6118°9 ( Q)
ifro*e ofo*e Ll0°2 60T°2 offiT*2 €91°2 (oa) TheS JIH T2h
feot® Mot*® ot €99T° €LloT* 69T * (19)
090°9 2e*9 66€°9 €259 M99 SEL*9 ( @)
196 °T g20°2 2g0°e 5980°2 FAN e (oa) qozh
29T 61M9T* Hs9tT® €l9T* 699T° 969T* (10)
0T0°*9 061°9 61E°9 sli*9 565°9 989°9 (@
196°T 120°2 050°2 £€90°¢ e mmﬁwm (oq) fi6Ms I o2h
2lot® 299T° 999T* 9g9T°® €69T° 629T* (19)
gNT*9 SEE*9 €611°9 529°9 05L°9 S€8°9 (@)
g20°2 £50°2 280°2 LTT2 €2 2912 (oa) q6TN
(0.1S)0ET (0,52)LL (0,0)2€ (0,02=)1= (0,0h=)0f= (o.115=) 59~ JToqumy
I sesx8eq ‘eanjexedud] uenroads
(penutquon)

9 TIAVL

35

WADC TR 52-53




MotT*
668°5
TL6°T

gnotT*® |
eie°®s
€96°1
LN6T*
826°9
1912

1202 *
aM8°s
€812

0291 °
286°S
696°T

609T°
506°5
036°1

Tlot®
0€6°S
T66°T

W99tT*
158°S
ML6°T

(0,19)0ET

LG9T*
€TL*9
€10°2

099T*
250°9
S00°2

2002°
6£T"9
622°2

T802°
090°9
192°¢

Mot
26T°9
020°2

2e9t”
ell*9
L00°2

£Q9tT*
6€L°9
£€0°%2

2891°

11909
020°2

(0,82)LL

999T* 09T Sl9T* 2691
G62°9 €9 065°9 T69°9
610°*2 910°2 f0T*2 T2

€loT® TQ9T® T69T°® 269T°
6€2°9 gE*9 625°9 2€9%9
Mo°z ¢lo*e 0T 2 - eetle

£502° 9902° 0212 2Ltz
L1€%9 T99°9 S09°9 S0L°9
L62°2 Qe e 00i*2 9sf1*2

9cT2® lozz* 9522° 1922°
FAITALS 89€°9 £€5°9 E9®9
geeee oTH*e LA £€TS°2

T99T* S991T° 99T * Tlot*®
TLE®S 915°9 099°9 T9L°9
gs0°*2 S90°2 80T °2 0€T*2

2991 €991° 2l9T® SI9T®
00€°*9 SHiT*9 065*9 T69°9
Tho®2 2lo*e 201°2 T2t e

89T 269T° 20LT® L WAR
8TE*9 S917°9 809°9 60L°9
190°2 160°2 ARt 0sT°2

S891° 069T° 90.T* 60LT®
SMe*9 T6€*9 LES®9 o19°9
250°2 090°2 STI*2 SET°2

(0,0)2€ (0,02=) 1= (0,01=)0f= (0,115=)59-

d ssaa8eq ‘eanqexsduny

(19)
(@
(0q)

(10)
M a)
00) 69gN=ITH
(10)

(@
(0@

(10)
( a)
(0q) T6gH=IIH

(I0)
(@
(oa)
(19)
(@
(0a) 602s=~ImH

(10)
(@
(0a)

(10)
(@
(00) 0681-dTH

qEgE

€9¢

q28¢

28¢€

aIgE

Tge

q08¢€

08¢

Jaqump
uauroadg

sTongd Tetoads

xopul £3Toede) pue ‘(UOT[eDH/qT) ITy UT L3rsusq

Puooss Jad SsTOoA) Q0T 3B JUB]SUO) OTIF08TOT(

L TIGVL

36

WADC TR 52-53




TABLE 8

Dielectric Constant, Density

and Capacity Index at 32°F(0°C)

Grade 91/98 Fuels

Specimen Dielectrie Constant Density Capacity Index
Number at LOO Cps Pounds per Gallon (k=-1)/D
200 1.999 6,109 #1635
200E 2,007 64186 .1628
201 1,970 5.928 .1636
201E 1,975 5.980 +1630
20l 1,987 5,970 1653
204E 1,998 6,018 #1658
205 1,969 5.909 «16L0
205E 1,978 64004 «1629
215 1,972 54939 1637
215E 1,985 64008 1639
216 1.96L 5693k #1625
216E 1,983 56995 ;16ho
217 1,972 54961 +1631
217E 1,987 6,029 : #1637
219 2,000 6.1.88 .1616
219E 2,018 64239 1632
223 1,968 5.972 01621
223E 1,987 6.003 «1641
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TABLE 8
(Continued)

Specimen Dielectric Constant Density Capacity Index
Number at 40O Cps Pounds per Gallon (x-1)/D
227 2,013 64237 .162)
227E 2,032 64297 «1639
235 1.979 50992 #1634
235E 1,989 6.0L5 <1636
238 1,973 54951 «1635
238E 1.979 Se99L 1634
239 1,966 54950 162l
239E 1.971 6,001 1618
2L2 1.968 5.97h #1620
2li2E 1.976 6.00L <1626
27 1.981 5.98l 1639
2LTE 1.979 64026 .1625
252 2,008 6,050 «1666
252E 2,018 6.095 .1670
253 1.997 6,112 21631
253E 2,001 6,179 +1620
256 1,969 56959 »1626
2568 1,984 6.011 .1637
261 1.982 64050 01623
261E 1,995 64090 <1634
265 1,970 54959 1628
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TABLE 8

(Continued)

Specimen Dielectric Constant Density Capacity Index
Number at 00 Cps - Pounds per Gallon (k-1)/D
265E 1,977 6,003 «1669
269 1.996 64065 <1642
269E 2,011 64095 #1659
270 1,969 5.975 01622
270E 1.98L 64010 1637
273 1,975 .930 16U
273E 1.986 5.970 +1652
280 1.980 64002 1633
280E 1.981 64033 +1626
286 2,010 6.178 +1635
286E 2,02} 6,252 .1638
288 2,007 64049 <1665
288E 2,010 6.093 .1658
298 197k 5.919 +16L6
298E 1.993 5.966 <1664
299 2,010 6,089 «1659
299E 2,018 6.143 +1657
303 1.973 5967 +1631
303E 1.972 6007 <1619
307 2,008 64070 1661
307E 1.993 64100 .1628
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TABIE 8
(Continued)

b o0 oo pounds por Gallon K-/
309 1.976 5.922 .1648
309E 1,985 54963 1652
310 1.98L 6.052 «1626
310E 1.983 64097 1612
323 1.979 5.931 1651
323E 1,985 5.976 »1683
326 2,002 60111 «16440
326E 2,004 64169 1627
328 2,015 6,112 «1661
328E 2,029 64170 1668
332 1.973 5.959 1633
332E 1,978 54997 21631
335 2,008 6,126 L1615
335E 2,019 6.181 - »1649
340 1.980 54939 +1650
3LOE 1.983 4 50989 $1641
346 1.975 5.929 «16L4
3L6E 1.970 5977 «1623
3L9 2,013 64206 ~16LL
3L9E 2,051 64262 «1629
352 2,027 64163 «1666
352E 2,050 64213 «1690

WADC TR 52-53 o



TABLE 8

(Continued)

Specimen Dielectric Constant Density Capacity Index
Number at 400 Cps Pounds per Gallon (x-1)/D
354 1.973 5.931 161
35LE 1,983 5983 +1643
362 1.976 6.0L6 <161
362E 1.980 6.085 .1611

363 1.992 6,138 01616
363E 2,005 6,210 .1618
365 1,968 5.946 01628
365E 1.994 6.0LL <1643
371 2,030 64160 #1672
371E 2,047 6.218 168l
313 2,016 6.120 +1660
373E 2,028 6,18l 1662
387 1.961 6.0Ll 01623
387 1.991 64090 1627
392 1.962 5.896 01632
392E 1,972 Se9L1 #1636
396 1.971 54920 +1640
396E 1,978 5.971 .1638
398 2,038 6.177 »1680
398E 2,050 6.2}40 »1683
oo 1,997 64153 1620
L4OOE 1.997 6,199 »1608
WADC TR 52-53 )l




TABLE 8

(Continued)
Specimen Dielectric Constant Density Capacity Index
Number at 40O Cps Pounds per Gallon (X-1)/D
Lob6 1,988 ‘ 64066 01629
LOGE 2,005 6409 »1649
h12 1.983 6,061 $1622
L12E 1,989 64096 21622
Ll 2,010 64087 1659
LkE 2,022 64116 1663
WADC TR 52-53 42



TABLE 9

Dielectric Constant, Density

and Capacity Index at 32°r(0°C)

Grade 100/130 Fuels

Specimen Dielectric Constant Density Capacity Index

Number at 100 Cps Pounds per Gallon (x-1)/D

202 1,951 _ 5.889 1615
202E 1,971 54956 «1630
207 2,007 6.033 #1669
207E 2,011 6.111 1650
210 2,015 6.076 «1671
210E 2,021 64132 1665
213 1.959 |  5.889 .1628
213E 1.967 Se951 #1625
21, 1.985 54953 +1655
214E 1,992 64021 1648
220 2,019 6,118 1666
220E 2,025 64177 1660
225 1.972 64019 1615
225E 1,988 64070 1628
230 1,971 5.867 +1655
230E 1971 5e945 .1634
237 1,967 5e9hl . 1627
237TE 1.977 5.99h 1630
2ko 1.953 54891 «1618

WADC TR 52-53 L3




TABLE 9
(Continued)

Specimen Dielectric Constant Density Capacity Index
Number at LOO CPS Pounds per Gallon (x-1)/D
2}40F 1,978 SeoL9 164l
2l3 14960 5.892 «1629
2l3E 1.962 5696l .1613
245 1,956 54812 .1636
2LSE 14960 | 5.879 21633
250 1,967 ~ 5.852 «1652
250E 2,009 54933 «1701
255 1,962 5.893 | .1632
255E 1,965 ' Se9l1 162
258 1,968 5e9U6 »1628
258E 1.980 6000 +1633
263 1,961 5915 .1625
263E 1,980 56969 .16h2
267 1.959 5.899 o J1626
267E 1,967 5.936 41629
211 1,973 5.895 +1651
271E 1.977 56942 J1672
272 2,028 64141 J167)
272E 2,0L7 64208 #1686
275 1,976 54959 1638
275E 1,98k 5.98L ~16Lk

WADC TR 52-53 L



TABLIE 9

(Continued)

Twber. et 00 Gpm T Pound perGalln ety
279 1.970 56931 #1635
279E 1,983 56965 »1648
285 1,977 S.88L #1660
285E 1.975 5.931 J16Lk
289 1,972 5,969 1628
289E 1.972 64005 #1619
291 1.960 5.922 1621
291E 1,976 54966 1636
297 2,029 64137 <1677
297E 2,035 64181 J167h
300 2,016 6.075 <1672
300E 2,038 6,116 «1689
30k 1,966 5.89 1638
30LE 1,973 5961 01632
31 1,969 54890 «16LL
3LE 1,967 Se9L8 | #1626
319 2,015 6,093 «1666
319E 2,049 64266 »1701
321 1.979 54950 «16L5
321E 1,998 5.995 «1665
327 1,991 64046 «1639
327E 2,005 6,116 <1643

WADC TR 52-53 ks




IABLE 9
(Contimed)

b 2t 100 Ops o Powds per Galln (KD
330 24032 6.4l 1680
330E 2,01 64196 .1680
331 1,964 54889 01637
331E 1,979 54939 +1648
333 2,007 6,122 «16L45
333E 2,025 64181 1658
339 1.985 5.950 1655
339E 1.99L 54996 1658
343 ‘ 1,991 5.980 1657
3L3E 2,000 6.033 .1658
350 1.962 54862 L1611
350E 1.968 591l #1637
351 2,048 64169 « 1699
351E 2,066 6e2449 #1706
356 1.968 5.893 © W16h3
356E 1,969 5.7 «1629
358 1,96l 5.900 163k
358E 1.967 5.938 .1628
367 2,008 6,128 <1645
367E ‘ 2,0Lk 6.228 .1676
370 2,018 64070 1677
370E 2,037 64135 +1690

WADC TR 52-53 ué




TABIE 9

(Continued)
mber o at 00 Om o poume pecalton Ty
378 2,020 6.093 «167L
378E 2,049 6.18L «1696
386 1,968 S.921 1635
386E 1.976 54980 .1632
393 1.963 5.889 «1635
393E 1,981 5979 <1601
395 2,003 6,026 «166L
395E 2,006 6,082 2651
399 2,019 6,048 «1685
399%E 2,012 6.108 <1657
Lol 1.950 54919 1605
LO1E 1,969 5.965 J162L
1,05 2,022 64145 1663
LOSE 2,039 64191 1678
109 1,966 5.958 J1621
LO9E 1.975 5.979 21631
113 2,017 6.122 +1661
L13E 2,033 64175 21673

WADC TR 52-53 k7




TABLE 10

Dielectric Constant, Density

and Capacity Index at 32°F(0“C)

Grade 115/1L5 Fuels

Specimen Dielectric Constant Density Capacity Index
Number at 400 Cps Pounds per Gallon (k=1)/D
206 1,970 5,880 .1656
206E 1.975 6,001 1625
208 1,962 5.908 1628
208E 1.972 54959 «1631
212 1.969 5.92L .1636
212E 1.983 54995 .16}0
218 1. 966 Se97h <1617
218E 1.985 6.033 +1633
226 1.947 S.8Lo 21622
226FE. 1.967 5.88L «16L)
231 1.969 5.889 +16L6
231E 1,968 - 5.935 .1631
236 1,977 5.918 1651
236E 1.987 5.973 1653
2hik 1.971 5.880 «1651
2hLE 1.973 5.929 1611
26 1,955 5.891 .1621
2L6E 1.979 5940 1648
251 1.987 5.968 ' 165

WADC TR 52-53 48



TABLE 10

(Continued)

Capacity Index
(k-1)/D

e o e satton
251E 2,004 64032
257 1.991 S.898
257E 1,988 Se9L8
260 1.976 54927
260E 1,981 5498
266 14955 5.85)
266E 1.966 5.88L
27l 1.970 5.885
27LE 1.979 5.973
278 1,969 5.923
278E 1,982 5.961
281 1.98} 5.902
281E 1.990 5.9U5
282 1.952 5.855
282E 1.965 5903
28L 1.976 5.918
28LE 1.973 5.96h
292 1,968 54925
292E 1.981 54965
295 2,007 6,041
295E 2,02 64104

WADC TR 52-53 ko

<166l
1680
<1661
+16h7
«1639
<1631
1642
<1648
1639
.1636
«16U7
<1667
<1665
«1626
1635
1619
1631
«163L
#1645
<1667

»1678




TABLE 10
(Continued)
olun  Diletc Gomtant Dy T e
301 1.959 5.928 «1616
301E 1,998 5.971 +1671
305 1.977 5.899 #1656
305E 1.980 SeShly «16L9
308 1.973 56913 «1646
308E 1.994 5.969 .1665
313 1.965 54909 1633
313E 1.98L 5.971 «1618
320 1,965 54897 1636
3208 1.970 64013 21613
32 1.967 5902 .1638
32LE 1.983 597k 1645
329 1.977 5.897 1657
329E 1.997 Se9lk <1677
33L 1,96k 5.862 6Lk
33LE 1,96k 56910 «1631
31 1.977 5.942 o160l
3L1E 1,991 54986 «1656
342 1.966 5899 .1638
342E 1,969 Se9U7 «1629
3u8 1,968 5.911 1638
348E 1,971 ‘ 5.962 <1629
WADC TR 52-53 50



TABLIE 10

(Continued)

Tamber. st k0 Ops o pownds perGalln ey
353 1,952 5.836 #1631
353E 1,963 5.878 | .1638
355 1,959 5818 «16L0
355E 1,971 50896 ' <1647
366 1,957 5,866 W1631
366E 1.973 56920 #1260
368 1,964 5e927 «1626
368E 1,986 56997 16kl
37h 1,973 5.888 1653
37LE 1.981 59kl #1650
376 1,987 5.890 #1676
376E 1,978 Se9L7 +1645
379 1,96l - 5.867 <1643
379E 1.97h 56929 L1643
389 1,962 5.853 <16LY
389E 1,969 5.86l #1652
390 1,977 54906 <1651
390E 1,985 5496l | .1652
102 1,967 5.89 1611
L,02E 1,967 Se9k2 01627
Lol 1,971 54923 | ,1639

WADC TR 52-53 51




TABLE 10
(Continued)
Specimen Dielectric Constant Density Capacity Index
Nunber at 400 Cps Pounds per Gallon (x-1)/D
LOLE 1,986 ' 5.988 «16U7
o8 1,955 50962 +1602
108E 1.978 6,021 «162]
)k} 1,980 5.89L . +1663
L11E 1,982 5951 1650
WADGC TR 52-53 52



TABLE 11

Dielectric Constant, Density

and Capacity Index at 32°F(0°C)

Grade JP=-1 Fuels

Specimen Dielectric Constant
Number at 400 Cps
221 2,161
221E 2,158
22 2,1)2
22 2,148
229 2,187
229E 2,196
233 2.123
233E 2,119
2l 2,120
2L1E 2,119
2L 2,137
2LSE 2,128
259 2,122
259E 2,121
26l 2,179
264E 2,182
268 2,131
268E 2,130
276 2,092

WADC TR 52-53

53

Poung:ngizyGallon Cap?ﬁiig/gndex
64872 +1690
6,879 «168l
64740 1695
64751 #1701
64969 170k
6,988 01712
6,687 «1680
64699 <1671
6,648 «1685
64655 .1681
64826 1666
64840 <1619
6.6L6 1688
64656 168
64926 .1702
64943 .1702
6,670 #1696
6.676 $1691
6,683 1634




TABLE 11
(Continued)

Specimen Dielectric Constant Density Capacity Index
Number at LOO Cps Pounds per Gallon (K=1)/D
276E 2,129 64690 .1688
287 2,150 6,815 «1687
287E 2.156 64820 1695
290 2,17k 64936 «1693
290E 2,180 64953 #1697
293 2,13h 64706 1691
293E 2,136 64712 1692
29 2.180 6.91;8 .1658
294E 2,185 64966 J1701
306 2,127 64722 <1677
306E 2,119 64733 1662
312 2,115 64707 - W1707
312E 2,137 6712 <169
316 2,192 64991 .1705
316E © 2484 74018 1687
318 2,107 64661 L1662
3188 2,110 64763 ~1611
322 2,187 64977 «1701
322 2,195 64999 »1707
336 2,183 64938 1705

WADC TR 52-53 Sk



TABLE 11

(Continued)

Specimen Dielectric Constant

Number at 100 Cps
336E 2,186
3Lk 2,14
3LLE 2,147
357 2,166
357E 2,170
36L 2,182
36LE 2,185
317 2,189
377E 2,179

Density
Pounds per Gallon

Capacity Index
(xk-1)/D

6.955
64872
6,886
64896
6,918
64915
6,926
64920
64945

«1705
.1681
« 1666
1691
1691
1709
L1711
1708
1698




TABLE 12

Dielectric Constant, Density

and Capacity Index at 32°F(0°C)

Grade JP=3 Fuels

Specimen Dielectric Constant Density Capacity Index
Number at 40O Cps Pounds per Gallon (k-1)/D
203 2,029 642042 «16L9
203E 2,053 64303 .1671
209 2,143 64827 <167h
209% 2,160 ' 64956 «1668
211 2,010 6,176 : .1635
211 2,037 64279 01652
222 2,118 64595 «1695
222F, 2.159 64743 1719
228 2,135 64630 J1712
228E 2,167 64736 1733
232 . 2,07h 6,131 1670
232E 2,096 645L5 1675
23l 2,042 64335 L1645
23LE 2,061 64118 +1653
2148 2,127 64666 1691
248E 2,159 6.810 1702
250 2,051 6,368 «1650
25LE 2,071 641450 1660
262 2,146 66629 21729

WADC TR 52-53 56



TABLE 12

(Continued)

Specimen Dielectric Constant Density Capacity Index
Nurber at 400 Cps Pounds per Gallon (x-1)/D
262E 2,175 6472l J17U7
2717 2,058 6.327 #1672
- 277E 2,069 64105 1669
283 2,098 64531 #1681
2838 2,109 64630 1673
302 2,095 6.178 . 1690
302E 2,104 64592 #1675
311 2,136 64636 21712
311E 2,161 6477k 2171
315 2,141 6,737 <1694
315E 2,158 6,882 1683
317 2,103 6.618 #1667
317E 2,141 6.778 1683
325 2,152 6,771 21701
325E 2.175 6.928 «1696
331 2,073 6,415 <1673
337E 2,100 64517 .1688
338 2,0L5 6.388 «1636
3388 2,076 6195 .1657
3L5 2,109 64580 .1685
3USE 2,112 6,69 1661

WADC TR 52-53 57




TABLE 12
(Continued)

Specimen Dielectric Constant Density Capacity Index
Number at 100 Cps Pounds per Gallon (x-1)/D
307 2.101 64565 +166L
34TE 2.139 64696 1701
359 4 2,05 6e3U6 - 41661
359E 2,072 6.1131 <1667
360 , 2,036 64180 <1676
360E 2,059 6.380 +1660
361 2,119 64681 1675
361E 2.153 64803 1695
369 2,099 64554 1677
369E 2,125 64690 .1682
372 2,033 6.286 «1643
372E 2,060 60373 «1663
375 2,065 6.393 <1666
375E 2,086 64522 . 1665
385 2,138 6,763 «1683
385E 2,157 6.963 . 1662
391 2,108 641459 1715
391E 2,132 6580 1720
39 2,048 6.283 .1668
39LE 2,062 64384 +166l
397 2,049 64304 <166l

WADC TR 52-53 58




TABLE 12

(Continued)

T PR S amd e hne DA
397E 2,065 641,00 1664
403 2,120 64640 1687
LO3E 2,132 64790 <1667
LoT7 | 2,039 6,317 <1645
LOTE 2.055 6369 1656
110 2,127 6.700 .1682
L10E 2,155 6.799 12699
116 2,036 64273 »1652
1168 2,050 6,398 ' .16l

WADC TR 52-53 59




TABLE 13

Dielectric Constant, Density

and Capacity Index at 32°F(0°C)

Grade JP=l} Fuels

——a .
p——————— s

Specimen Dielectric Constant Density Capacity Index
Number at 400 Cps Pounds per Gal lon (x-1)/D
115 MLF 5h11 2,051 ‘ 64347 1656
L15E 2,064 64398 +1663
117 MLF SL77 2,076 64517 J1651
L17E 2,090 6.588 #1655
118 MLF SL78 2,095 6.585 +1663
}18E 2,106 64645 o166l
119 MLF SL8k 2,062 64113k 1651
L19E 2,082 6.1:93 1666
Li20 MIF SLol 2,050 64349 1650
L20E 2,052 6.399 J16LL
Ial MLF 5541 2,077 64503 #1656
L21E 2.088 6,569 «1656

WADG TR 52-53 60



TABIE 1

Dielectric Constant, Density

and Capacity Index at 32°F(0°C)

Special Fuels

Specimen Dielectric Constant Density Capacity Index

Number at L0O Cps Pounds per Gallon (¥-1)/D
296 Turbo Fuel 24170 64619 177k

Noe 3
296E (WS- 2006) 24220 6.753 «1807
380 MLF L890 2,052 6e215 «1685
380E 2,06l 64318 168
381 MLF 5209 2,0b1 6.300 ¢1652
381E 2,058 6.371 1661
382 MIF L891 24333 6o2li2 «2136
382E 2,297 64317 «2053
383 MLF L889 2.0l 64239 <1673
383E 2,09 6.295 «1666
WADC TR 5253 61




Mean, Maximum, and Minimum Values at 32°F(0°C)

TABIE 15

Unevaporated Specimens

Number of Dielectric Constant Density - Ib/Gallon  Capacity Index

Grade Specimens Mean Max Min Mean Max Min Mean Max Min
91/98 55 1,988 2,038 1.962 6,028 6,237 5.896 1639 ,1680 161l
100/130 51 1,985 2,048 1,950 5,979 6,169 5,842 L1647 1699 .1605
115/145 Ll 1.969 2,007 1.947 5,903 6,041 S5.836 L16h2 L1680 ,1602
JP-1 2l 2,152 2,192 2,092 6,820 6,991 6,646 ,1690 ,1709 .163L
JP-3 35 2,087 2,152 2,010 6,189 6,827 6.176 L1675 L.1729 .1635
JP-4 6 2,069 2,095 2,050 6,156 6.585 64347 L1655 .1663 L1651
100/130 51

1,978 2,018 1.947 5.94L 6,169 5.836 L1645 .1699 .1615
115/1L5 Lk
100/130 51
115/1h5 Lk 2,007 2,152 1,947 6,091 6,827 5.836 .1653 .1729 L1615
Jp-3 35 |

WADC TR 52-53 62




Mean, Maximum, and Minimum Values at 32°F(0°C)

TABLE 16

Evaporated Specimens

Number of Dielectric Constant

Density - Lb/Gallon

Capacity Index

Grade ~ Specimens Mean Max Min Mean Max Min Mean Max Min
91/98 55 1.998 2.051 1.970 6,079 6,297 5.941  ,16l1 ,1690 ,1608
100/130 51 i.997 2,066 1,960 6,036 6.2Lh9 5.879  .1651 .1706 .1613
115/1h5 N 1,980 2,024 1,963 5,958 6,104 S5.86L L1645 .1678 L1613
JP-1 2l 2,15 2.196 2,110 6,837 7.018 6,655  .1688 ,1712 .16lL1
JP-3 35 2,110 2.175 2.037 6.607 64963 6.279  .1680 .17L7 .1652
3Bl 6 2,080 2.106 2.052 6,515 6.6L5 6.398 L1658 1666 .16LL
100/130 51

1.989 2,066 1,960 6,000 6,249 5,86  .16L8 .1706 .1613
115/1h5 Lk
100/1307) 51
115/1L5 ? Lk 2,021 2,175 1.960 6,163 6,963 S5.86L  .1657 .17h7 .1613
JP-3 J 35
WADC TR 52-53 63
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TABLE 19

Slope of Density \}s. Temperature Curves

As a Function of Density

Specimen

M Grade
157 100/130
158 100/130
159 Jp-1
159E
160 JP-3
160E

. 162 100/130
163 115/145
16l 100/130
164E
165 115/1L5
165E
208 115/145
209 JP=3
210 100/130
219 91/98
223 91/98
233 JP-1
236 115/1L5
WADC TR 52-53

Density at 32°F
Pounds per Gallon

Change in Density per De
Pounds per Gallon x 10

EF

5e92
6,008
6.898
6.917
64699
64855
5919
5.928
5.954
5¢976
5.958
64029
5.908
64827
6,076
64188
5972
6,687
5.918

39.85
39.28
33.95
315
35.LL
3L4.67
39.79
39.95
39.23
39.95
39.0ik
39.08
39,18
"35.90
38,97
41,79
11.38
33.85
38.62



TABLE 19

(Continued)

Specimen Density at 32°F Change in Density per Deg F
_Number Grade Pounds per Gallon Pounds per Gallon x 1
237 100/130 5e9LlL 37,70
2l,0 100/130 5.891 38,56
2h1 JP-1 6,648 3L.87
2,8 JpP-3 6,666 35.49
256 91/98 5.959 39.13
260 115/145 5.927 38.67
26L JP-1 6,926 33.69
273 91/98 5.930 38,97
277 JP-3 6.327 37.7L
281 115/145 5,902 38,72
283 JP-3 64531 36492
285 100/130 5.88L 38,67
290 JP-1 6.936 3L.L6
300 100/130 6,075 38,62
307 91/98 6,070 38,67
309 91/98 50922 38.36
313 115/145 54909 38,26
WADC TR 52-53 67
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TABLE 21
Dielectric Constant and Density

at =65°F(=5L°C), 32°F(0°C), and 130°F(5L°C)

Grade 91/98 Fuels

Specimen Dielectric Constant at L0O Cps Density - Pounds per Gallon
Number ~65°F(=54°C) 32°F(0°C) 130°F(5L°C) -65°F(-54°Cc) 32°F(0°C) 130°F(5L°C)

200 2,075 1.999 1.923 6.1182 64109 5e732
200E 2,083 2,007 1.930 64555 6.186 5.813
201 2,04k 1.970 1.895 64310 5.928 5.543
201E 2,050 1.975 1.900 64359 5.980 | 5.597
204 2,062 1,987 1.911 6.349 5.970 54587
204E 2,07k 1.998 1.922 64395 64018 5.637
205 2.0L3 1.969 1.89L 6.291 5.909 54523
205E 2,053 1,978 1.902 6.382 6,004 5.622
215 2,0l7 1.972 1.897 64320 5.939 54554
215E 2,060 1.985 1.909 6,386 6.008 5.626
216 2,038 1.96L 1.889 6.315 5.93L 5.549
216E 2,058 1.983 1.907 64373 5¢995 5.613
217 2,047 1.972 1.897 6,301 5.961 5577
217E 2,062 1,987 1.911 6.1:06 6.029 5.6L49
#=219 2,083 | 2,000 1.928 6.594 6,188 S.T79%
# 219E 2,089 2,018 1.935 6.64lL 6.239 5683L#
* 223 2,050 1.968 1.891 64376 5.972 505694
# 223 2,062 1,987 1,908 6.111 6.003 5.608
227 2,089 2,013 1.936 64603 60237 5,867
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TABLE 21
(Continued)
specinen Dielectric Constant at L4OO Cps Density - Pounds per Gallon
Number -65°F(-5L°c) 32°F(0°C) 130°F(5k°C) -65°r(-51°c) 32°F(0°C) 130°F(54°C)
22TE 2,109 2,032 1,95k 6,660 6.297 50930
235 2,05L 1.979 1.903 6.370 5992 5.610
235E 2,06l 1,989 1.913 6.li21 6.0L5 54665
238 2.048 1.973 1.898 6.331 5.951 5.567
2388 2,05l I79 1.903 64372 5.99 5.612
239 2.,0L0 1,966 1.891 64330 54950 54566
239E 2,046 1,971 1.896 64379 6,001 5.619
212 2.0k2 1,968 1.893 6.353 5.97L 5.592
2Li2E 2,051 1,976 1.901 64382 6,00 5.622
2ly7 2,056 1.981 | 1.905 6.363 5.98L 5.601
2l7E 2,05k 1.979 1,903 _  6.,1403 64026 5.6L5
252 2,08l 2,008 1.931 6.1:26 64050 5.671
252F 2,054 2,018 1.9 6.14168 6.095 5.718
253 2,072 1,997 1.921 64118l 6.112 5.736
253E 2,077 2,001 1.925 64518 6.179 5.806
» 256 2.037 1.969 1.896 6.339 54959 5.576%
* 256E 2,062 1.98k 1,907 64393 6,011 5,629
261 2,057 1.982 1.906 6.1126 6.050 S.671
261% 2,070 1.995 1,919 616l 6,090 5.713
265 - 2.0Lk 1,970 1,895 64339 5.959 5.575
2658 2,052 1.977 1.901 64381 6,003 5.621
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TABLE 21

(Continued)
Specimen Diélectric Constant at LOO Cps Density - Pounds per Gallon
Nuber ~65°F(-5h°c) 32°F(0%) 130°r(Sk°C)  -65°F(-5h°C) 32°F(0°%) 130°F(S5L°C)
269 2,071 1,996 1.920 6.uho 6.065 5.686
269E 2,087 2,011 1.93L 6,168 6.095 5.718
270 2.,0L3 1.969 1.894 64350 5.975 5.592
270E 2,059 1,984 1,908 6.387 6,010 S¢629
# 273 2,0L6 1.975 1.906 64309 5.930 54519
* 2738 2.055  1.98 1.909 6,349 5,970 5,587
280 2,055 1.980 1.90h 64380 6.002 5,620
280E 2,056 1,981 1,905 6,109 6.033 5.653
286 2.086 2,010 1.933 64547 6.178 54805
286E 2,101 2,02 1.947 6.618 64252 5.883
288 | 2,083 2,007 1.930 6.1425 64049 5,670
288E . 2,086 2,010 1,933 6.166 6.093 5.716
298 2,049 1.974 1.899 6.301 - 54919 54533
298E 2,068 1.993 1,917 6,346 5.966 5.582
299 2,086 2,010 1.933 6,163 6.089 5.711
299E 2,094 2,018 1.9 6.51h 6.143 5.768
303 2.048 1.973 1.898 6,347 5.967 54583
303E 2,0L7 1.972 1,897 64385 6.007 54625
# 307 2,095 2,008 1.9LL 6o lilily 6.070 5.690%
* 307E 2,077 1.993 1.926 6,176 6.100 5.725%
# 309 2,047 1.976 1,903 64291 5922 5e5h3
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TABLE 21
(Continued)
Specimen Dielectric Constant at 40O Cps Density -~ Pounds per Gallon
Number -65°F(-54°C) 32°F(0°C) 130°F(5L°C) -65°F(=5L°C) 32°F(0°C) 130°F(5L°C)
* 309E 2,060 1,985 1.918 6.3h1 5.963 S.58L
310 2,059 1.98L 1.908 6,127 6,052 5.673
310E 2,058 1,983 1.907 6.170 6.097 5.720
323 2,054 1,979 1.903 64312 5.931 5.546
3238 2,060 1.985 1,909 6.355 5.976 54593
* 326 2,089 2,002 1,942 6,199 64111 5e723%
% 326E _ 2,088 2,004 1.942 60559 6,169 5e781
328 2,091 2,015 1.938 6,184 6.112 56736
328E 2,106 2,029 1.951 6.540 6.170 S.797
332 2.048 1,973 1.898 6.339 5.959 5.575
332E 2.053 1,978 1.902 6,375 5,997  5.615
335 - 2,08 2,008 1.931 641198 6.126 5,750
335E 2,095 2.019 1,942 6.550 6.181 5.808
3ho 2,055 1,980 1.904 64320 54939 5.55k
3LOE 2,058 1,983 1,907 6.368 5.989 5.607
346 2,050 1.975 1.900 6,310 54929 SaShk
346E © 240LL 1.970 1,895 64356 5977 5.594
349 2,089 2,013 1.936 6457k 64206 5.83L
349K 2,129 2,051 1,973 6,627 6.262 5.893
3 352 2,104 2,027 1,955 6,53l 6,163 5,783
* 352E 2,139 2,050 1.97h 6.585 6.213 5.8323
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TABLE 21

(Continued)
Specimen Dielectric Corms tant at LOO Cps Density - Pounds @r Gallzn
Number ~65°F(=5,°C) 32°F(0°C) 130°F(5L°C) ~65°F(-54°C) 32°F(0°%C) 130°F(5L°C)
354 2,018 1.973 1.898 6312 5,931 5.5L6
35LE 2,058 1.983 1,907 64362 5.983 5.600
362 2,051 1,976 1,901 64122 660L6 5.666
362E 2,055 1,980 1.90h 64159 6,085 . 5.707
363 2,067 1,992 1,916 6,509 6.138 5.763
363E 2,081 2,005 1.928 6,578 6.210 5.838
# 365 2,079 1.968 1.918 6.327 5.946 5,558+
#* 365E 2,051 1.99) 1,898 6,426 6.0l 5,650
371 2,107 2,030 1,952 6.530 6,160 5.786
371E 2,12 2,047 1,969 6.585 6.218 S.847
313 24092 2,016 1,939 6.192 64120 5.7hh
373E 2,105 2,028 1.951 64553 6.18l S.6811
387 2,056 1.981 1.905 6,120 6.0l 5.66L
387E 2,066 1,991 1.915 6,16l 6,090 5,713
392 2,036 1,962 1.887 6.279 5.896 54509
3928 2,047 1.972 1.897 6.322 5.911 5.556
396 2,046 1.971 1.896 6.302 5.920 5453k
396E 2,053 1.978 1,902 64350 5971 5.588
398 2.115 2,038 1,960 645h6 6.177 5.80L
398E 2,127 2.050 1.972 6,606 64240 5,870
* 1,00 2,085 1.997 1941 645h9 6.153 5. 761
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TABLE 21
(Continued)
Specimen Dielectric Constant at 100 Cps Density - Pounds per Gallon
Number ~65°F(~54°c) 32°P(0°c) 130°F(SL°C) ~65°F(-5L°C) 32°F(0°C) 130°F(5L°C)
# JJOOE 2,07h 1.997 1,923 64591 6.199 5,807
Lo6 2,063 1.988 1.912 6.1 6.066 S.687
LO6E 2,081 2,005 1,928 6,167 6,09 5717
12 2,058 1,983 1,907 64393 6,061 5.682
1128 2,06l 1,989 1.913 6,169 6,096 SeT19
L1l 2,086 2,010 1,933 6,161 6,087 5.709
L1LE 2,098 2,022 1,945 64517 6,146 6,055
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TABLE 22
Dielectric Constant and Density
at -65°F(=~51°C), 32°F(0°c), and 130°F(5L°C)

Grade 100/130 Fuels

Specimen: Dielectric Constant at LOO Cps Density - Pounds per Gallon
Number -65°F(-5L4°C) 32°F(0°C) 130°F(5L°C) ~65°F(~-5L°C) 32°F(0°C) 130°F(5L°C)

202 2,027 1.951 1.875 64272 5.889 54502
202E 2,0L6 1971 1.896 6.336 56956 5.572
207 2,085 2,007 1.928 6,109 6,033 5.653
207E 2,087 2,011 1.93L 6.118) 6,111 5.735
# 210 2,098 2,015 1.93h 6,150 6,076 56683
#* 210E 2,091 2,021 1.946 6.520 64132 5738
213 2,035 1.959 1,882 6.272 5.889 5.502
213E 2,01 1,967 1.892 6.331 5.951 56567
21 2,062 1,985 1.907 6.333 54953 5.569
21)E 2,067 1.992 1.916 6.398 6,021 S.640
220 2,097 2,019 1,940 641190 6.118 5eTh2
220F 2,102 2,025 1.948 6.5L6 64177 S.80L
225 2,0L9 1,972 1.895 64396 6,019 5.638
225% 2,063 1.988 1.912 64115 6,070 5,692
- 230 2,017 1.971 1,894 6,252 5.867  5.478
230E 2.0L6 1.971 1.896 6.326 5945 5.560
# 237 2,041 1.967 1,887 6,312 5e9hl Se5T7#
# 237E 2.0L9 1,977 1.90h 64369 56994 5,623
# 240 2,029 1.953 1.886 64266 5.891 5e51L
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TABLE 22
(Continued)

Specimen Dielectric Constant at OO Cps Density - Pounds per Gallon

Number =65°F(=54°C) 32°F(0°C) 130°F(54°C) -65°F (-5L°C)  32°F(0°C) 130°F(54°C)

# 2LOE 2.0Lk 1.978 1.898 64325 5,949 5.568%
2li3 2,036 1,960 1.883 6.275 5.892 5.505
2L3E 2,036 1,962 1.887 64 3Ll 5496k 5.580
245 2,032 1.956 1.880 6.228 5.842 5.452
245E 2,034 1.960 1.885 64263 5.879 S.h91
250 2,043 1.967 1.890 64237 5.852 5.163
250E 2,085 2,009 1,932 6,31 54933 5.548
255 2,038 1.962 1.885 64276 5.893 5.506
255K 2,039 1.965 1.8%0 64322 S.9l1 5.556
258 2,0l 1,968 1.891 64327 5.9h6 5.561
258E 2.055 1.980 1.90L 6.378 6.000 5.618
263 2.037 1.961 1.88L 64297 5.915 5.529
263E 2,055 1.980 1. 904 643L9 54969 S.'586
267 2,035 1.959 1.882 6,282 5.899 56512
267FE L2.0ln 1,967 1.892 ' 6.317 54936 5,551
271 2,050 1.973 1.8%6 6.278 5.895 5.508
271E 2,052 1.977 1.902 6.323 S.9k2 54557
272 2,107 2,028 1,949 64512 6,111 5.766
272E 2.124 - 2,0k47 1.969 6.576 6.208 5.836
275 2,053 1.976 1,899 64340 5,959 5.575
275E 2,059 1.98 1.908 6.363 5«98k S.601
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TABLE 22

(Continued)
Specimen Dielectric Constént at 40O Cps Density - Pounds per Gallon
Nuber — -65°F(-gh%) 32°F(0°%) 130°F(sL%C)  =65°F(-5L%) 32°F(0%) 130°F(5L°C)
219 2,046 1,970 1.893 6312 50931 54546
279E 2,058 1,983 1.907 64345 54965 5e581
% 285 2,058 1,977 1.915 64260 5.88L 545064
# 285E 2,050 1.975 1.913 6.303 5.931 545524
289 2,049 1.972 1.895 6.3L9 5.969 5.586
289E 2,047 1.972 1,897 6.383 6.005 5.623
291 2,036 1,960 1.883 6.30L 5,922 54536
291E 2,051 1,976 1.901 6.3L6 5.966 5.582
297 2,108 2,029 1.9L9 6.508 6.137 54762
297E 2,112 2,035 1,957 64550 6.181 5.808
# 300 2,099 2,016 1,950 6.151 6.075 56698%
# 300E 2.123 2.038 1,965 64521 - 64146 5.768%
304 2,042 1,966 1.889 6.279 5.896 5.509
3048 2,048 1.973 1.898 64341 5.961 5.577
31L 2,045 1.969 1,892 64277 5,89 5.507
31LE 2,041 1.967 1.892 6.329 5.9L8 5456l
319 2.093 2,015 1.936 6166 64093 5.716
319E 2,126 2,049 1.971 6,536 64166 5792
321 2,056 1.979 1,901 6.330 5950 54566
321E 2,07k 1,998 1,922 6,373 5.995 5.613
327 2,068 1.991 1.913 6.422 6,046 5.666
327E 2,081 2,005 1,928 6,488 6.116 S.7L0
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TABLE 22
(Continued)
Specinen Dielectric Constant at LOO Cps Density - Pounds per Gallon
Number ~65°F(=5°c) 32°F(0°C) 130°F(5L°C) =65°F(=5L°C)  32°F(0°C) 130°F(5L°%)
#* 330 2,108 2,032 1.953 6453l 6141 5e757%
# 330E 2,107 2,011 1.959 6.582 64196 5. 8063
331 2,040 1,964 1.887 64272 5.889 5502
331E 2,054 1.979 1.903 6320 5¢939 5.55L
333 2,085 2,007 1.928 6,19l 6122 5. 7U6
333E 2,102 2,025 1,548 64550 6.181 5.808
339 2,062 1.985 1.907 6.330 5.950 54566
339E 2,069 1.994 1.918 6.37h 5.996 5.61L
343 2,068 1.991 1.913 64359 5.980 5.597
3L3E 2,076 2,000 1.92} 6.L10 6,033 5.653
350 2,038 1.962 1.885 6.2U7 5.862 5.473
350E 2,042 1,968 1.893 6.296 5.91L 5.528
351 2,127 2,048 1.968 64539 6.169 5.795
351E 2.1k 2,066 1.987 6.615 64249 5.879
356 2,0l 1.968 1.891 64276 5.893 5.506
356E 2,0L3 1.969 1.89%k 6.328 5,947 54562
358 2,040 1,96l 1,887 6.283 54900 5.513
3588 2,001 1,967 1.892 6.319 5,938 5.553
* 367 2,10k 2,008 1.9h2 64520 64128 5e73L
# 367E 2.,12h 2.0l 1.968 6,618 6.228 5835
370 2,096 2,018 1.939 6elili5 6,070 5692
370E 2,114 2,037 1,959 64506 64135 5,760
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TABLE 22

(Continued)
Specimen Dielectric Constant at 40O Cps Pensity - Pounds per Gallon
Number -65°F(=8L°c) 32°F(0°C) 130°F(5L°%c) = =65°F(-54°c) 32°r(0°C) 130°F(5L°C)
# 378 2,119 2,020 1,95k 641187 6.093 Se697
# 378E 2,133 2,0L9 1,966 64577 6,18l 5,790
386 2,0l 1,968 1.891 6.303 5.921 54535
386E 2,051 1.976 1,901 64359 5.980 54597
393 2,039 1,963 1.886 6.272 5.889 54502
393E 2,056 1981  1.908 6358 5,979 5.596
395 2,081, 2,003 1.92h 6,103 6,026 5,645
| 395E 2,082 2,006 - 1.929 641156 6,082 Se70L
399 2,097 2,019 1.940 6eli2l 64018 5.668
399E 2,088 2,012 1.935 6.181 64108 5731
# Lol 2,023 1,950 1,874 6302 5.919 5e5293
* LO1E 2,031 1,969 1,891 64352 54965 5.580%
05 2,101 2,022 1.9h3 6.516 6,15 5,770
LOSE 2,116 2,039 1,961 64560 6,191 5.819
109 2,042 1,966 1.889 6.338 5.958 Se57h
LO9E 2,050 1,975 1,900 6,110 5.979 54596
113 2,095 2,017 1,938 641154 64122 5.7h6
L13E 2,110 2,033 1.955 645l 6,175 5.802
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TABLE 23
Dielectric Constant and Density

At -65°F(~-5L°C), 32°F(0°C), and 130°F(5L°C)

Grade 115/1L5 Fuels

Specimen Dielectric Constant at 400 Cps Density -~ Pounds per Gallon

Nurber -65°F(-54°c) 32°F(0°c) 130°F(5L°C) -65°F (-54°C)  32°F(0°C) 130°F(5L°C)
206 2,049 1.97h 1.900 6,26} 5.880 5.Lh92
206E 2.0L8 1.975 1.902 6.379 6.001 5.619

* 208 24039 1,962 1,890 64289 5.908 545253

# 208E 2,037 1.972 1,900 6.3U2 50959 5o 5754
212 2,043 1.969 1,894 64306 5.92 54536
212E 2,056 1.983 1.909 64373 54995 5.613
218 2,010 1.966 1.891 64353 5497k 5.591
218E 2,058 1.985 1.911 6.109 64033 54653
226 2,0L9 1.9k7 1.873 64226 5.8L40 5.L50
226E 2,040 1.967 1.89%4 6.268 5.88L 5.L96
231 2,0l3 1.969 1,894 6,272 5.889 5.502
231E 2,041 1,968  1.895 64316 54935 54550

# 236 2,063 1.977 1,895 64296 5.918 SeSh3%

# 236E 2,067 1,967 1.921 6434 5.973 56596
2L 2,016 1.971 1.896 6,26l 5.880 S.h92
2LhE 2,046 1.973 1,900 6,310 5.929 Se5Ll
2L6 - 2,029 1,955 1.880 6.27L 5.891 5.50L
2L6E 2,052 1,979 1,905 6.321 5.940 5.555
251 2,062 1.987 1.911 6.3L8 5.968 5.58L
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TABLE 23

(Continued)
Specimen Dielectric Constant at 400 Cps Density - Pounds per Gallon
Number ~65°F (-54°C) 32°F(0°C) 130°F(5L°C) =65°F(-54°C)  32°F(0°%C) 130°F(SL°%)
251E 2,078 2,004 1.930 6,408 6.032 0,652
257 2,066 1.991 1.915 6,281 5.898 5.511
257E ' 2,061 1,988 1.9 6.329 5.9L8 5,56l
* 260 2,0L9 1.976 1.91L 64305 5.927 565513
# 260E 2,043 1.981 1.892 6,366 5.98L 5.610%
266 2,029 1,955 1.880 64239 5.85L 5.L65
266F 2,039 1.966 1.893 64268 5.88L 5.196
27L 2,045 1.970 1.895 64269 5.885 56197
274E 2,052 1.979 1.905 64352 5.973 °  5.590
278 2,043 1,969 1,894 6.305 5.923 5.537
278E 2,055 1.982 1.908 6.341 5.961 5.577
» 281 2,06l 1,98h 1.917 6.278 54902 5.523%
* 281E 2,066 1.990 1,920 6.321 5.9L5 5.568%
282 2,026 1.952 1.877 64269 5.855 5.L66
262 2,038 1,965 1.892 6286 5.903 5,516
28l 2,051 1.976 1.901 64300 5.918 5.532
28LE 2,046 1.973 1.900 6,34k 5.96L 5.580
292 2,042 1,968 1.893 64307 5.925 54539
292E 2,051 1981  1.907 6.3L5 5965 5.581
295 2,083 2,007 1.930 60117 6.041 5.661
295E 2,097 2,02l 1.9k9 6,477 6.10L 56727
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TABLIE 23
(Continued)
Specimen Dielectric Constant at LOO Cps Density - Pounds per Gallon
Number -65°F(~5L°C) 32°F(0°C) 130°F(5L°C) -65°F (=5L°C)  32°r(0°C) 130°F(5L°C)
301 2,033 1.959 1.88L 6.310 5.928 5.543
301E 2,072 1,998 1,92} 6.350 5.971 5.588
305 2,052 1,977 1,901 6.282 5.899 5.512
305E 2,053 1.980 1.906 6.325 5.9kl 54559
308 2,048 1,973 1,898 64295 5.913 54527
308E 2,068 1.994 1.920 643L9 5.969 5.586
# 313 ; 2,042 1,965 1,903 6,277 5.909 545313
# 313E 2,055 1,984 1.915 64347 5.971 5.592%
320 2,039 1,965 1.890 6,276 5.897 5510
320E 2,043 1.970 1.897 64390 6,013 5.632
32l 2,0L1 1,967 1.892 64285 54902 54515
324E 2,056 1,983 1,910 64353 597k 54591
329 2,052 1,977 1,501 64280 5897 54510
329E 2,071 1,997 1.923 64325 5.9kl 54559
» 334 2,045 1,96k 1.895 6.238 5.862 5e1:83
* 33LE 2,033 1.96h 1.899 6.290 54910 5e53Ls
* 3h1 2,053 1,977 1,902 64317 5.9h2 5.559
# 3L1E 2,067 1,991 1.918 6,363 5.986 546013
# 3l2 2,02} 1,966 1,878 64274 54899 54518%
# 342F 2,031 1,969 1.888 64326 5.9U7 5.566%
348 2,042 1,968 1,893 64293 5.511 5.525
348E 2,0l 1.971 1.898 64342 5,962 5.578
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TABLE 23

(Continued) -
Specimen Dielectric Constant at L0OO Cpos Density - Pounds per Gallon
Number =65°F(=-54°C) 32°F(0°C) 130°F(5L°C) -65°F(~5L°c) 32°r(0°C) 130°F(5L°C)
353 2,026 1.952 1.877 64222 5.836 Selili6
353E 2,035 1.963 1.890 64262 5,878 5.190
355 2,033 1.959 1,88l 64233 5.8L46 50459
355E 2,04k 1.971 1.898 64280 5.896 5.509
366 2,031 1.957 1.882 64251 5.866 5.L77
366E 2,046 1.973 1.900 64302 5.920 5.53h
368 2,038 1.96L 1.889 6.309 5.927 5.5kl
368E 2,059 1.986 1,912 6.380 5.997 5.615
37h 2,048 1.973 1.898 6.271 5.888 5.501
37he 2,09  1.981 1907 6.325 5.l 5.559
376 2,062 1.987 1911 64273 5.890 5.503
376E 2,051 1.978 1,90k 6.328 5,947 5,562
379 2,038 1.96L 1.889 64252 5.867 S.h78
379K 2,047 1.7k 1,901 6,310 5,929 5.5k
389 2,036 1,962 1.887 6.238 5.853 S.libl
389E 2.042 1,969 1.896 6e2L9 5.86L 5.L75
390 2,052 1,977 1.901 6.289 5.906 5.519
390E 2,058 1.985 1.911 6.3L4 5496l 5.580
#* 402 2,003 1.967 1.898 6.278 54894 5o 50
# LO2E 2,037 1,967 1.895 64327 5.9h2 54553%
Lol 2,06 1,971 1,896 64305 5.923 5537
LohE 2,060 1,986 1.912 6.367 5.988 5,605
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TABLE 23

(Continued)

Dielsctric Constant at 400 Cps

Density - Pounds per Gallon

W -65°F(-54°C) 32°F(0°C) 130°F(5L%)  ~65°R(-5L°C) 32°F(0°C) 130°F(54°C)
408 2,029 1.955 1.880 6.342 5,962 5.578
LOBE 2,051 1,978 1.90L 64398 6.021 5.6L0
L1 2,055 1.980 1.90k 6.217 5.89L 5.507
L11E 2,055 1.982 1.908 6.331 5.951 54567
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TABLE 2}
Dielectric Constant and Density

at -65°F(=54°C), 32°F(0°C), and 130°F(54°C)

Grade JP=-1 Fuels

Specimen Dielectric Constant at 40O Cps Density - Pounds per Gallon
Nurber -65°F (-54°C)  32°F(0°C) 130°F(5L°C) -65°F(-54°C) 32°F(0°C) 130°F(5L°C)
221 2,236 2,161 2,085 74207 6.872 64533
221E 2.233 2,158 2,082 7215 64879 64541
22l 2,217 2,12 2,066 7.082 6,740 6,395 |
22UE 2.223 2.148 2,072 7.092 6,751 6.1106
229 2,263 2,187 2,120 74299 64969 6.635
229E 24272 2,196 2,118 7.318 6,988 64655
# 233 2,199 2,123 2.0lk 7.013 64687 6.353%
# 233E 2,187 2,119 2.043 7.027 6,699 6,368
* 211 2,205 2,120 2,036 6987 6,648 64307
#* 2L1E 2,188 2,119 2,033 6.996 6.655 64310
2L9 2,212 2,137 2,062 7.163 64826 6.185
2L,9E 2,202 2,128 2,053 7.178 6.8L0 6.500
259 2,196 2.122 2.047 6.992 6.6L6 6,296
259E . 2,195 2,121 2,046 74002 6.656 6.307
* 26 2,255 2,179 2,107 7.252 6,926 6.595%
#* 26UE 2,261  2.182 2,103 7.273 6.93 6.616%
268 2,205 2.131 2,056 7.015 64670 6.321
268E 2,204 2,130 2,055 7.021 6.676 6.328
276 2,165 2.092 2,018 7.027 6,683 6.335
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TABLE 2L
(Continued)
Specimen Dielectric Constant at 10O Cps Density = Pounds per Gallon
Number ~65°F(~54°C) 32°F(0°C) 130°F(5L°C) -65°F(-SL°C) 32°F(0°C) 130°F(5L4°C)
276E 2,203 2,129 2,05L 7.03k 6.690 64342
287 2,225 2,150 2,07k 7.153 6.815 6,473
287E 2,231 2,156 2,080 7.158 6,820 6.L79
# 290 24253 2.17h 2,101 7.271 6.936 645993
# 290E 2,263 2,180 2,109 7.286 6,953 6.615%
293 2,208 2,13k 2,059 T.049 6.706 64359
293E 2,211 2,136 2,060 7.056 64712 64365
29) 2.256 2.180 2,103 7.280 6,918 6.613
29L% 2,261 2.185 2,108 7.298 6.966 64632
306 2,201 2,127 2,052 7.066 64722 6.376
306E 2,193 2,119 2,0l 7.076 64733 64387
312 2,220 2,145 2.069 7.051 6.707 64360
312E 2,212 2,137 2,062 74056 6.712 64365
316 2,269 2,192 2,115 7.320 6,991 64658
316E 2.260 2,18l 2,107 7.3L6 7.018 6.687
318 2,181 2.107 2,033 7.007 6,661 6.312
318E 2,184 2,110 2,036 7.104 6.763 6.119
322 24263 2,187 2,110 7,307 6,977 6,643
3228 2,272 2,195 2,118 7.328 6.999 64667
# 336 2.270 2,183 2,108 T.265 6,938 64603
# 336E 2,27k 2,186 2,121 7.288 6.955 6.628%
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TABIE 2l

(Continued)
Specimen Dielectric Constant at L0O Cps Density - Pounds per Gallon
Number -65°F(=5L°C) 32°F(0°C) 130°F(5L°C) ~65°F(~54°C) 32°r(0°C) 130°F(5L4°C)
3l 2,219 2,14k 2,068 | 7.207 64872 64533
3LLE 2,22% 2,17 2,071 7.221 64886 64518
357 2.2 2,166 2,090 74230 6,896 6,558
' 357E 2,26 2,170 2,093 7.251 6.918 6.562
* 36L 2,269 2,182 2,108 T2l 6.915 6,587+
#* 36LE 2.265 2,185 2,112 Te25L 6,926 6,601
377 2,265 2,189 2,112 74253 6.920 6458l
377E 2,255 2,179 2,102 7277 6.9h5 60610
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TABLE 2¢
Dielectric Constant and Density
at =65°F(~54°C), 32°r(0°C), and 130°F(54°C)
Grade JP-3 Fuels

Specimen Dielectric Constant at 10O Cps Dengity - Pounds per Gallon

_Number _ -65°F(~5L°C) 32°F(0°C) 130°F(5L°C) ~65°F(-5L°c) 32°r(0°%) 130°F(5L°C)
203 2,104 2,029 1,954 64608 64242 5.872
203E 2,127 2,053 1,978 6.667 6.303 54936

# 209 2,235 2,143 2,069 7.178 6.827 6. 1T

# 209E 2,227 2,160 2,089 7301 6,956 6.609%
211 2,08l 2,010 1,935 64545 6.176 5.803
211E 2,110 2,037 1,963 6.653 6.279 5.911
222 2.196 2,118 2,039 645Uk 6.595 602143
222E 2.237 2,159 2,081 7.085 6,743 6.398
228 2.21) 2,135 2,056 6,977 6.630 6.279
2288 2.2L5 2,167 2,088 7.078 6.736 6.391
232 2,151 2.07L 1,997 6,788 6.431 6.070
232E 2,171 2,096 2,020 64896 6,545 6,190
23L 2,117 2,042 1,966 6,697 6,335 5.970
23L4E 2,135 2,061 1.986 6.775 6,418 6,057

» 2);8 2,218 2,127 2,052 7.011 6,666 64319%

* 21i8E 2,207 2,159 2,089 74150 6,810 64 L1664
25, 2,127 2,051 1.975 6.728 6.368 6.00L
25LE 2,115 2,071 1.996 6.806 6.1450 6.090
262 2,225 2,146 2,066 6.976 6.629 6.278
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TABIE 25

(Continued)
Specimen Dielectric Constant at LOO Cps Density - Pounds per Gallon
Number ~65°F(~51°C) 32°r(0°C) 130°F(5L°C) ~65°F(~5L°C)  32°F(0°C) 130°F(5L°C)
262E 2,253 24175 2,096 7.066 6,724 6.378
#* 277 2,132 2,058 1.989 6.697 6.327 5. 9613
# 277E 2,1h5 2,069 1.994 6.775 6,405 6.036%
#* 283 2,169 2,098 2,030 6.892 6.531 61723
#* 283E 2,180 2,109 2,016 64993 6.630 6.275%
302 2,172 2,095 2,017 64833 6,478 64120
302E 2,180 2,104 2,028 6,901 6.592  6.239
31 2,215 2,136 2,057 6,983 6,636 6.286
311E 2,239 2.161 2,083 7.11L 6.77h 6.1430
315 2,220 2,11 2,061 7.079 64737 64392
315E 2,235 2,158 2.080 7.217 6.862 6451
317 2,181 2,103 2,025 6,966 6,618 6.267
317E 2.218 2.1 2,063 7.118 6.718 6.435
325 2.231 2,152 2.072 7,111 6.771 6,427
325E 2,253 2.175 2,096 7.260 6.928 64592
337 2,149 2,073 1,996 6.773 6.115 6,05k
337E 2,175 2,100 2,024 64870 6.517 6,161
338 2.120 2.0L45 1.969 67 6.388 6.025
338E 2,151 2,076 2,001 64849 6,195 6.138
3h5 2,187 2,109 2,030 64930 6,580 64227
3L5E 2,188 2,112 2,035 7.038 6.694 6.3l6
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TABIE 25
(Continued)
Specimen Dielectric Constant at 400 Cps 4 Density = Pounds per Gallon
Number ~65°F(=51°C)  32°F(0°%C) 130°F(5L°C) ~65°F (~54°C)  32°F(0°%C) 130°F(5L°C)
347 2,179 2,101 2,023 6.915 6.565 64211
3L7E 2,216 2.139 2,061 7.040 6.696 64349
# 359 2,133 2,05 1.99% 6.718 6.3k6 5.971s
# 359E 2,154 2,072 1.999 6.803 6.1131 640594
360 2,111 2,036 1,960 64549 6.180 5.807
360E 2,133 2,059 1.98L 64739 6.380 6,017
361 2,197 2,119 2.0h0 7.026 6.681 6.333
361E 2,230 2.153 2,075 To1l2 6.803 6,161
369 2,176 2,099 2,021 64905 64554 64200
369E 2,201 2,125 2,048 7.03L 6.690 64342
372 2,108 2,033 1.957 6.650 6.286 5.918
372E 2,13L 2,060 1.985 6.733 64373 6,010
375 2.1 2,065 1,988 64752 6.393 6,031
375E 2,161 2,086 2,010 6.87h 6.522 6.166
385 2.216 2,138 2,058 T.104 6.763 6.119
385E 2.23L 2,157 2,079 74294 6.963 6.629
391 2,186 2.108 2,030 6.81L 641459 64100
391E 2.209 2,132 2,055 64930 6.580 64227
394 2,12 2.048 1.972 64 6U47 6.283 56915
39LE 2,136 2,062 1.987 64743 6.38 6,021
397 2,125 2,0L9 1.972 6.667 6.30L 5.937
397 2,139 2,065 1.990 6.758 6.1400 6.038
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TABLE 25

(Continued)

Specimen Dielectric Constant at 40O Cps Density - Pounds per Gallon
Number -65°F(=5L°c) 32°F(0°C) 130°F(5L°C) =65°F(-54°C) 32°F(0°C) 130°F(5L°C)

» 1403 2,210 24120 2,042 64982 6,640 642768
#* LO3E 2,212 2,132 2,053 7.129 6.790 6. 39L»
L07 2,11l 2.039 1,963 64679 6.317 5.951
LOTE 2.129 2,055 1,980 6,755 6.369 6,005
120 2,205 2.127 2,048 7.0LY 6.700 64353
L4108 2,232 2.155 2,077 7,138 6.799 64157
416 2,111 2,036 1,960 6.638 6.273 5.905
116% 2,12} 2,050 1.976 64757 6.398 6,036
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TABLE 27
Capacity Index at
~65°F(=51°C), 32°F(0°C), and 130°F(5L°C)

Grade 91/98 Fuel

Capacity Index = (K = 1)/D

Sfrfn?ﬂoizin ~65°F(-54°C) 32°r(0°C) 130°F(54°C)
200 .1658 #1635 »1610
200E o 1652 «1628 .1600
201 <1655 1636 J1615
201E | 1651 .1630 .1608
20l .1673 <1653 1631
20hE - 1679 .1658 #1636
208 1658 a6k 1619
205E 1650 1629 1600
215 <1657 .1637 .1615
215E «1660 «1639 .1616
216 <16l «1625 +1602
216E «1660 «16110 .1616
217 »1651 #1631 1608
217E : .1658 1637 01613
219 216112 | 1616 1606
219E 1639 01632 1603
223 <1647 01621 +1600
223E «1657 <16kl 1619
227 +16L9 «162} +1595
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TABLE 27

(Continued)

Capacity Index - (K - 1)/D

Sﬁ?ni%';‘i“ -65°F (=54°C) 32°F(0°C) 130°F(54°C)
227E #1665 «1639 1609
235 1655 1634 +1610
235E +1657 «1636 21612
238 1655 .1635 1613
238E +165L <1634 ' «1609
239 1643 162l «1601
239E «16L0 .1618 #1595
242 1640 »1620 <1597
2l2E <1607 1626 1603
2ly7 .1660 | «1639 .1616
2L7E .16L6 .1625 «1600
252 <1687 +1666 1642
252F J1691 1670 <1616
253 1653 .1631 1606
253E « 1645 .1620 .1593
256 | .1636 .1626 \1607
256K «1661 1637 1611
261 1645 1623 1598
261E 01655 +163L «1609
265 #1617 J1628 +1605
265E <1649 «1669 +1603
269 +1663 16142 1618
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TABLE 27

(Continued)

Capacity Index - (K - 1)/D

Specimen

Nurber =65°F (=54°C) 32°r(0°C) - 130°F(5L°C)
269E #1681 +1659 #1633
270 L1610 . 1622 1599
270F, 1658 1637 01613
273 '.1658 «16Lh | »1633
213E <1662 #1652 .1627
280 »1650 #1633 +1609
280 1648 .1626 .1601
286 .1659 1635 | 1607
286E <166l .1638 «1610
288 .1686 <1665 +1640
288R +1680 .1658 01632
298 « 1665 1646 1621
298E ' .1683 <166) «1613
299 «1680 «1659 .163L
299E 21679 1657 1631
303 #1651 1631 . 1608
303E 1640 1619 <1595
307 +1699 <1661 #1659
307E 1663 1628 1617
309 #1661 <1648 «1629
309E 01672 1652 o164l
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TABLE 27

(Continued)

Capacity Index - (K - 1)/D

Specimen

Number ~65°F(~54°C) 32°r(0°C) 130°F(54°C)
310 « 1618 01626 «1601
310E «1635 +1612 1586
323 .1670 +1651 .1628‘
323E . 1668 1683 1625
326 1676 1640 +16U6
326E +1659 $1627 #1629
328 1683 ' «1661 +1635
328E .1691 .1668 ~1641
332 #1653 .1633 1611
332E 1652 <1631 «1606
335 1668 <1645 «1619
335E .1672 16449 .1622
340 #1669 «1650 .1628
3LOE 1661 L1611 <1617
36 166} 1604L L1623
3L6E .1643 «1623 «1600
3h9 »1657 <164 <1604
3L9E 1704 1629 1651
352 #1690 +1666 #1651
3528 «1730 «1690 «1670
354 «1660 <16l »1619
35LE «1663 «16U3 1620
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TABLE 27

(Continued)

Specimen
Number

362
362E
363
363E
365
365E
311
3118
373
373E
387
387E
392
392E
396
396E
398
398E
1100
LOOE
406

WADC TR 52-53

Capacity Index - (k - 1)/D

=65°F (~54°C)

«1637
#1633
+1639
.1643
<1705
1636
«1695
«1707
«1682
+1686
J1645
«16L9
+1650
.1656
<1680
«1658
1703
#1706
#1657
+1629
«1650

97

32°F(0°C)

1614
.1611
« 1616
«1618
.1628
<1643
.1672
« 168l
« 1660
« 1662
01623
#1627
#1632
«1636
«16L0
»1638
»1680
+1683
«1620
«1608
01629

130°F(5L°c)
1590
1580
.1589
+1590
«1652
.1589
<1645
#1657
»1635
+1637
+1598
1602
1610
o161}
«1616
«161L
165l
«1656
.1633
1589
1600




TABLE 27

(Continued)

Capacity Index - (K - 1)/D

Specimen

Number -65°F (-54°C) 32°F(0°%) - 130°F(54°C)
LOSE J1672 01649 «1623
12 +1655 1622 «1596
1128 «1645 | 01622 01596
L1 1681 01659 21634
LILE 1685 +1663 »1561
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TABLE 28

Capacity Index at

=65°F(-54°c), 32°F(0°C), and 130°F(5L°C)

Grade 100/130 Fuel

Capacity Index = (K - 1)/D

Sﬁiﬁ%ﬁin =65°F (=51,°C) 32°r(0°C) 130°F(5L°C)
202 <1637 #1618 +1590
202E 1651 1630 1608
207 .1693 #1669 <1642
207E +1676 165} «1629
210 <1702 J1671 .1643
210E «1673 «1665 <1649
213 1650 .1628 »1603
213E +16hk .1625 +1602
21l <1677 #1655 1629
21LE «1668 «1648 0162l
220 +1690 1666 1637
220E .1683 1660 1633
225 « 1640 #1615 #1587
225E +16L9 .1628 <1602
230 »1675 #1655 »1632
230E +1653 «163L #1612
237 «1649 <1627 +1590
237E «1647 .1630 1608
2110 1642 «1618 1607
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TABLE 28

(Continued)

Capacity Index -~ (K - 1)/D

Sﬁﬁﬁi?:n =65 °F (~51.°C) 32°F(0°C) 130°F(54°C)
240E <1651 ~164L «1613
2l3 1651 1629 .160L
2L3E .1633 21613 +15%0
2Ls « 1657 .1636 161l
2USE 1651 01633 1612
250 1672 1652 01629
250E +1718 .1701 .1680
255 + 165 +1632 +1607
255E «1643 J162L <1602
258 1650 1628 1602
258E 1654 «1633 .1609
263 <1647 .1625 | 1599
263E 1662 1602 L1618
267 « 1648 01626 «1600
267E .1648 . 1629 #1607
271 J1673 1651 .1627
271E <166l $1672 .1623
272 1700 <167 +16L5
272F 1709 1686 1660
275 <1661 «1638 .1613
275E 166l » 160l «1621
279 1657 «1635 .1610
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TABLE 28

(Continued)

Capacity Index - (K - 1)/D

Specimen

Number -65°F (~54°C) 32°F(0°C) 130°F (54°C)
279E #1667 «1648 . 1625
285 .16%0 +1660 #1662
285E 1666 216Uk «16LL
289 ~1652 1628 »1602
289E #1640 21619 1595
291 <1613 21621 1595
291E .1656 1636 <1614
297 .1703 <1617 <1647
297TE 1698 <167L +1648
300 «1704 1672 «1667
300E J1722 L1689 +1673
304 1659 1638 0161
304E 1653 #1632 «1610
31k 1665 ~16LL «1620
3UE 1645 1626 1603
319 «1690 1666 .1638
319E 21723 1701 1676
321 +1668 <1645 +1619
321E .1685 <1665 1643
327 1663 1639 «1611
327E #1666 J16L3 1617

- 330 +1696 «1680 +1655
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TABLE 28

(Continued)

Capacity Index - (K = 1)/D

Sﬁiﬁ%ﬂi“ =65 °F(~SL°C) 32°F(0°C) "130°F(5L°C)
330E 01682 «1680 « 1652
331 1658 1637 1612
331E 01668 #1648 01626
333 1671 1645 <1615
333E #1682 »1658 01632
339 1678 #1655 1630
339E 01677 «1658 01635
3L3 »1680 »1657 <1631
3L3E #1679 1658 1635
350 #1662 ~1611 <1617
350E 1655 #1637 1615
351 J172l 01699 1670
351E #1729 .1706 <1679
356 .1663 +1643 1618
356E +161:8 #1629 +1607
358 +1655 «1634 +1609
358E $16U7 01628 «1606
367 #1693 .16L5 «1643
367E #1698 1676 ¢ 1659
370 1701 #1677 1650
370E o1712 #1690 1665
378 <1725 1674 1675
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TABLE 28

(Continued)

Specimen
Number

378E
386
386E
393
393E
395
395E
399
399E
Lol
LO1E
L05
LOSE
Lo9
LO9E
a3
L13E

Capacity Index - (K - 1)/D

=65°F (=51°C)

«1723
1656
1653
<1657
¢1661
»1688
#1676
1708
<1561
01623
#1623
«1690
1701
16l
»1638
«1686
01696

32°F(0°C)

01696
1635
.1632
1635
o161
«166L
»165)
»1685
1657
<1605
0162l
«1663
.1678
01621
«1631
«1661
#1673

130°F(5L4°C)

«1668
1610
1610
1610
1617
01637
1629
<1658
<1631
1581
#1597
163l
01651
«1595
.1608
1632
+16L46
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TABLE 29

Capacity Index at

~65°F(-54°C), 32°F(0°C), and 130°F(5L4°C)
Grade 115/1L5 Fuel

Capacity Index = (K - 1)/D

sﬁiﬁ%ﬂ?“ » ~65°F (=54°C) 32°F(0°C) 130°r(54°C)

206 #1675 «1656 «1639
206E +1643 #1625 1605
208 1652 .1628 1611
208E 1635 21631 <161
212 1654 .1636 1615
212E #1657 1640 +1619
218 ' «1637 #1617 +1594
218E .1651 #1633 1612
226 1685 .1622 +1602
226E +1659 + 16kl J1627
231 «1663 <1646 1625
231E .16L8 L1631 .1613
236 +1688 #1651 .1615
236E «1682 <1653 <1646
2L .1670 «1651 »1631
2LLE «1658 o 16l .1623
2L6 «16L0 21621 «1599
2L6E 166 .1648 +1629
251 #1673 165} 1631
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TABIE 29

(Continued)

Capacity Index - (K = 1)/D

Specimen

Number -65°F (-54°C) 32°F(0°C) 130°F(51°C)
251E .1662 | 4166l .16L5
257 1697 1680 +1660
257E 1676 01661 <1643
260 » 1661 <1647 «1647
260E .1638 «1639 +1590
266 + 1649 .1631 .1610
"266E +1658 +16142 1625
27h . 1667 «1648 <1628
27LE 1656 «1639 #1619
278 « 165k «1636 21615
278E o166k <1647 »1628
281 »1695 <1667 «1660
281F, 1686 1665 1652
282 .1637 1626 1604
282E .1651 .1635 <1617
28l «1668 1649 «1629
28LE «16L9 «1631 »1613
292 1652 <1634 +1612
292E <1661 #1645 1625
295 +1688 « 1667 »16143
295K .169, 1678 J1657

WADC TR 52-53 105




TABLE 29
(Continued)

Capacity Index - (K - 1)/D

Sﬁﬁiﬁ?ﬁ“ ~65°F (=54,°C) 32°r(0°) 130°r(54°C)
301 .1637 .1616 .1595
301E 1688 .1671 .165)
305 <1675 .1656 «1635
305E 01665 #1649 «1630
308 +1665 +16L6 1625
308E <1682 o 1665 1647
313 1660 1633 1633
313E 01662 +1648 «1636
320 «1656 #1636 .1615
320E #1632 .1613 «1593
324 «1656 .1638 »1617
32hE « 1662 #1645 .1628
329 +1675 1657 1635
329E +1693 1677 1660
334 +1675 o164 <1632
33LE 1642 <1631 1625
3L <1667 o164 .1623
3L1E <1677 <1656 .1639
3h2 #1632 1638 +1591
3428 «1630 01629 «1595
348 .1656 »1638 «1616
348E <1616 +1629 01610
WADC TR 52-53 106



TABLE 29
(Contimued)

Capacity Index - (K - 1)/D

Specimen

Number ~65°F(-5L°C) - 32°F(0°C) 130°F(5L°C)
353 .1649 .1631 +1610
353E .1653 .1638 o 1621
355 1657 #1610 »1619
355E «1662 «16l7 .1630
366 «16L9 «1631 .1610
366E «1660 o 16l . 1626
368 <1645 #1626 #1260l
368E «1650 <1640 «162)
374 W1671 «1653 1632
37LE +1666 1650 .1632
376 #1693 #1676 «1655
376E «1661 16145 «1625
379 «1660 o16L3 »1623
379E <1659 .1643 »1625
39 .2661 .16 .2623
389E « 1667 <1652 #1637
390 #1673 o165 .1633
390E «1668 01652 #1633
402 " 01661 1601 «1632
Lo2E «1639 «1627 J1612
Lol «1657 1639 .1618

WADC TR K2-53 107




TABLE 29
(Continued)

Specimen Capacity Index - (K - 1)/D

Number -65°F (-5L°C) 32°F(0°C) 130°F(54°C)
LOLE 01662 «16U7 #1627
1,08 »1623 «1602 1578
L08E <1643 21620 1603
W 1658 <1663 .62
In1E «1666 21650 «1631
WADC TR 52-53 108



TABLE 30
Capacity Index at

-65°F(-5L°C), 32°F(0°C), and 130°F(5L°C)

Grade JP=1l Fuel

Capacity Index = (K - 1)/D

Specimen

Number ~65°F (~514°C) 32°F(0°C) 130°F(5L°C)
221 01715 <1690 #1661
221F 1709 2268l #1651
22); »1718 «1695 1667
22he J172L <1701 «1673
229 «1730 .2704 .1673
229E .1738 21712 1680
233 .1710 «1680 +1643
233E <1689 $1671 .1638
2l .1725 1685 #1643
2laE #1698 .1681 «1636
2L9 «1692 «1666 1638
2L9E 01675 »16L9 +1620
259 o1712 1688 «1663
259E 1707 268 L1658
26l 1731 1702 | 679
26LE 173k «1702 1667
268 #1718 #1696 #1671
268E 1715 01691 +1667
276 #1658 o163 01607

WADC TR 52-h3 . 109




TABLE 30
(Continued)
sﬁiﬁ%ﬁﬁn ~65°F (~54°C) S IngziFZOSE)- R 130°F (5L°C)

276E «1710 « 1688 #1662
287 J1717 1687 .1659
287E .1720 L1695 <1667
290 , «1723 .1693 »1668
290E 1733 #1697 1676
293 J171h <1691 + 1665
293E ' 21716 01692 1665
29l | 1725 .1698 .1668
29UE 01728 «1701 21671
306 «1700 $1677 .1650
306E 1686 1662 1635
312 | +1730 1707 #1681
312E .1718 «169L #1668
316 173k 1705 _ 1675
316E .1715 #1687 #1655
318 #1685 01662 #1637
318E 1667 J1611 <161l
322 1728 21701 1671
322E 21736 »1707 J1677
336 1748 1705 1678
336E .17L8 .1705 1691
3L #1691 «1681 1635
WADC TR 52-53 110



TABIE 30

(Continued)

Capacity Index - (K - 1)/D

Sﬁsgizin =65°F (=51,°C) 32°F(0°C) 130°F(S4°C)
3LLE 01692 1666 1636
357 1718 .1691 . 1662
357E 1718 01691 «1661
36L +1753 »1709 .1682
36LE o170l J1711 1685
371 JA7hh +1708 1689
377E 1725 1698 1667

WADC TR 52-53 111




TABLE 31
Capacity Index at
-65°F(-51°C), 32°F(0°C), and 130°F(SL°C)
Grade JP=3 Fuel

Capacity Index - (K = 1)/D

sﬁﬁﬁ%ﬁﬁn -65°F(~54°C) 32°F(0°C) 130°F(5L°c)

203 1671 <1649 1625
203E «1690 L1671 <1648
209 21721 0167 1650
209E J1681 «1668 +1648
211 +1656 <1635 | 1611
211F 1668 1652 1629
222 21722 «1695 166l
| 222E o746 21719 1690
228 o1740 J1712 <1682
228E «1759 «1733 .1702
232 1696 1670 1643
232E »1698 1675 +1648
23l 1668 «1645 +1618
23LE «1675 .1653 .1628
248 ‘.1737 #1691 +1665
2L8E <17Lk .1702 »1684
2ch +1675 1650 .162}
25LE 1682 1660 .1635
262 1756 1729 1698
WADC TR 52-53 112



TABIE 31

(Continued)

Specimen
Number

262E
277
217E
283
283E
302
302E
311
311E
315
315E
317
317E
325
325E
337
337E
338
338E
3h5

34SE
347

WADC TR 52-53

Capacity Index - (K - 1)/D

=65°F (~54°C)

1773
1689
«1690
«1696
1687
«1715
21700
#1740
J1742
21723
22711
1695
21711
1731
«1726
- «1696
21710
«1669
~1681
01713
1688
1705

32°r(0%)
JATh7
01672
«1669
1681
#1673
1690
1675
1712
o171
<169
«1683
01667
#1683
.1701
o 1696
«1673
+1688
«1636
«1657
+1685

. 1661
+166hL

130°F(5L°C)
«1718
1659
#1617
« 1669
+1667
01662
+1648
«1681
1684
«1650
«1650
+1636
«1652
»1668
«1663
J1645
<1662
«1608
«1631
«165h
«1631
#1607




TABLE 31

(Continued)

Capacity Index - (K - 1)/D

Sﬁggigin ~65°F(~514°C) 32°F(0°C) 130°r(54°C)
3UTE <1727 1701 <1671
359 .1687 1661 «1665
359E | 1696 +1667 «16L9
360 1696 1676 1653
360E +1681 | 1660 1635
361 J170L #1675 .16k2
361E J1722 <1695 +166h
369 .1703 <1677 J16L7
369E 1707 1682 #1652
372 «1666 <1643 +16}45
372E .168L «1663 01639
375 .1690 #1666 «1638
375E »1689 .1665 .1638
385 J1712 21683 .1648
385E 1692 «1662 +1628
391 J1711 1715 1689
391E J17h5 .1720 <169
39L «1691 «1668 +1643
39L4E .1685 « 1664 «1639
397 1687 166l 1637
397TE «1685 1664 «1640
403 .1733 »1687 «1660

WADC TR 52-53 1L



TABLE 31

(Continued)

Capacity Index - (K - 1)/D

Sﬁﬁ%ﬁ?ﬁ“ -65°F (~SL°C) 32°F (0°C) 130°F(54°C)
LO3E 1700 <1667 #1617
Lo7 . 1668 01615 .1618
LOTE 1659 1656 $1632
410 1710 +1682 1650
L10E #1726 01699 +1668
16 <167k «1652 o 1626
L16E +1663 #1611 #1617

WADC TR 52-53 115




TABLE 32

Capacity Index at

~65°F(-5L°C), 32°F(0°C), and 130°F(5L°C)

Grade JP=l Fuel

Capacity Index - (K~1)/D

sﬁﬁﬁ%:in <65°F (=51°C) 32°F(0°C) 130°r(54°c)
115 MLF-5111 1687 1656 .16k
L15E 165 1663 1610
417 MLF=SUT7 1691 1651 1652
l27E »1680 «1655 »1629
118 MIF-5h78 .1681 .1663 .1641
L18E #1690 . 1664 «1639
119 MLF-5h8lL «169) <1651 <1646
L19E ¢1629 21666 1672
1420 MIF=-Shok «1696 <1654 1642
L20E <169 ~16l) 162}
L21 MIF-55L1 .1698 +1656 +16L6
L21r .1702 .1656 »1645

WADC TR 52-53 116
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TABLE 36

CHEMICAL PROPERTIES

Grade 91/98 Fuels

Specimen Dielectric Constant Initial Boiling Aniline Gravity Tetraethyl Sulfur

Number at LOO Cps-32°F(0°C)  Point - °F Constant Lead-cc/gal %
200 1,999 8127 3.79 .01
201 1.970 108 2,82
205 1,969 118 10636 3.7k 012
215 1.972 113 10251 2,92
216 1,964 112 10660 3.86 Norki
219 2,000 7842 L.h9 -0
223 1.968 13L 9638 2422 +02
227 2,013 7330 .26 .02
238 1.973 109 10393 2,90
239 1,966 116 10636 3.73 <011
22 1,968 132 9716 2,15 <02
252 2,008 126 868l - 3.59 .03
253 1,997 10l 820l 3.81 .02
256 1.969 118 10589 3.70 .018
261 1.982 | 116 L. 00 .03
265 1,970 ns 10k430 3.87 2013
270 1,969 110 10081 2.8L
412 1,983 122 9071 3.58 »OL
Lk 2,010 19 8382 3.75 009
WADC TR H2-hH3 120

“



TABLE 36

(Continued)

Specimen Dielectric Constant Initial Boiling Aniline Gravity Tetraethyl Sulfur

Number at 40O Cps-32°F(0°C)  Point - °F Constant Lead-cc/gal %
280 1.980 128 9501 2,85 - .03
286 2,010 7863 .53 +Oh
288 2,007 12} 8550 3.86 .03
298 1.97h 108 10787 3.02 .0Lh
299 2.010 123 8337 3.73 019
307 2,008 124 8LST 3.95 .02
310 1.984 116 - k.oo .03
326 2,002 106 T7hl 3.96 .01
328 2,015 126 7977 3.80 .008
332 1.973 s 9849 2,98
335 2,008 10k 8333 3.79 .02
3L6 1.975 104 11045 2,98 0Lk
3k9 2,013 | 7731 h,25 .03
352 2,027 12l 7566 3.88 016
362 1,976 120 8618 2,96 o02
363 1,992 8096 3,75 L0l
365 1,968 108 10721 3.01 013
371 2,030 122 7650 3.68 017
373 2,016 126 7893 3.80 .031
387 1.981 12} 9112 2,80 .02
392 1,962 11118 3.91 .03
396 1,971 110 10771 2,97 $022
398 2,038 15 8291 3.89 015
1,00 1,997 8071 3.8 .01
106 1,988 116 9112 3.95 +013
WADC TR 52-53 121




TABLE 37

CHEMICAL PROPERTIES

Grade 100/130 Fuels

Specimen Dielectric Constant Initial Boiling Aniline Gravity Tetraethyl Sulfur

Number at 40O Cps-32°F(0°C)  Point ~ °F Constant Lead-cc/gal %
202 1,951 109 11814 2499
207 2,007 116 9636 3.58 »017
213 1,959 106 11928 2,92
21 1,985 113 11167 3.87 +009
220 2,019 7860 11,60 .03
225 1.972 10200 3482 ol
230 1,971 - 102 1150k 2,98 <013
237 1.967 110 11263 4,02 .015
2Lo 1.953 108 11848 2,89
23 1,960 11828 .53 +029
250 1,967 100 .60 .03
255 1.962 107 11765 2,79
258 1,968 12l 11h27 3.76 .012
263 1,961 106 1088l L,55 .01
267 1.959 10852 L.hS +0179
271 1.973 - 106 11765 2,98
272 2,028 119 806l 3490 «009
285 1.977 100 .60 .02
289 1.972 111 10622 Ll 52 $02
297 2,029 126 8828 L33 .020
WADG TR 52-53 122



TABLE 37

(Continued)

Specimen Dielectric Constant Initial Boiling Aniline Gravity Tetraethyl Sulfur
Number at LOO Cps-32°F(0°C) Point - °F Constant Iead-cc/gal A
300 2,016 104 8699 2.98 +023
30L 1,966 106 9838 2498
31L 1,969 11765 L.25 »029
319 2,015 102 897L 2,96 «02
327 1,991 9030 .58 .01
330 2,032 116 7909 L. 32 +006
331 1.964 1oL 11699 2,90
333 2.007 4,60 0L
339 1.985 108 10k30 2.84 018
350 1,962 11 11566 3.81 .01
351 2,048 11k 7697 he39 011
356 1.968 - 11700 1,60 .03
367 2,008 751L L.58 +OL
370 2,018 106 8791 L5k .02
378 2,020 109 8L62 2493 02
386 1.968 11126 k.60 02
393 1,963 11942 L.51 +0L9
395 2,003
399 2,019 116 7545 L7 012
Lo1 1,950 11k 10980 3.89 o02
105 2,022 116 7891 he31 Nuil
Lo9 1,966 108 10978 1,52 .01
113 2,017 122 8L67 L.2k 016
WADC TR 52-53 123




TABLE 38

CHEMICAL PROPERTIES
Grade 115/145 Fuels

Specimen ©Dielectric Constant Initial Boiling Aniline Gravity Tetraethyl Sulfur

Number at LOO Cps-32°F(0°C)  Point - °F Constant lead-cc/gal %
206 1,97k 105 1455 3.2l 03k
212 1,969 109 - 11268 LoLS
218 1,966 11116 Lol .01
226 1.947 106 12078 Li.60 .02
231 1.969 0L 1170L L.50 .018
236 1.977 103 11253 L.56 .03L
2l 1.971 11780 4,60 «029
251 1.987 10805 L.59 .03
257 1.991 102 1131h L.56 .03
260 1.976 102 11646 L L7 .01
266 1.955 11778 Le56 <017k
281 1.98L 101 11471 L.58 «026
282 1,952 11991 4,60 029
28l 1,976 103 11506 Ll 59 +01
295 2,007 105 9662 k.51 .022
301 1.959 11360 4.58 .01
305 1.977 102 11472 L, 56 .028
308 1.973 1121 LoSh 029
313 1.965 102 11830 k.39 .02
WADC TR 52-53 2L



TABLE 38

(Continued)

Specimen Dielectric Constagt
Number at 400 Cps-32°F(0°C)

Initial Boiling Aniline Gravity Tetrae#?yl Sulfur
g

320
329
334
3la
348
355
366
368
37h
376
379
389
390
Lo2
Lol
408
L1

1,967
1.977
1,961
1.977
1,968
1.959
1.957
1,96

1.973

1.987

1.96l

1.962
1.977
1,967
1.971
1,955
1.980

Point - °F Constant Lead=cc/gal %
11540 k.60 «02
102 11319 LSk 027
100 k.50 .01
109 10768 h.37 017
106 11695 1,58 Kol
100 121 Loli9 .0l
100 11957 .59 W02
102 11270 L. 37 .023
104 11294 L,52 027
103 11500 Le59 »030
12012 L.18 020

100 12074 L.55 .01
102 11228 .56 +030
11l 11827 L.55 .01
106 111315 he52 .03
10861 L.58 .02
104 ' 1hs1 Lo 60 .027

WADC TR 52-53

125




TABLE

CHEMICAL PROPERTIES

39

Grade JP-l Fuel

Specimen
Number

221
22}
229
233
2ln
2Ly
259
261,
268
276
287
290
293
291
306
312
318
322

WADC TR 52-53

Dielectric Constant
at 400 Cps-32°F(0°C)

2,161
2,1)s2
2,187
2,123
2,120
20137
2,122
2,179
2,131
2,092
2,150
2,174
2,13k
2,180
2,127
2,15
2,107
2,187

126

Aromatics
Per Cent

by
19,8
18,0

8.1
18.4

2,5
18.L
16.6
12,0
18.8
16.7
16,7
18.8
17.0
16,0
19,8
12,0

Initial Boiling Sulfur

Point =

°F

345

320

3Lo
310

316

012
017
.06
017
JO0l2
.05
0l2
«09
126
+0LS
10
»10
.03
06l
.01
.02
012
<05



TABLE 39

(Continued)
Specimen Dielectric Constant Aromatics Initial Boiling Sulfur
_Number _ at 400 Cps-32°F(0°C) Per Cent Point - °F
336 2,183 16.7 .10
3Lk 2.1h) 8.0 12
357 20166 7.8 012
36l 2,182 14,0 355 017
377 2,189 20,0 | 320 .0l2
WADG TR 52-53 127




TABIE 10
CHEMICAI, PROPERTIES

Grade JP=3 Fuel

To  Rleoeateh s Cmmcac g0
222 2,118 15.7 108 10
228 2,135 10,0
232 2,07h L2 o017
2l8 2,127 17.97 07
262 2,116 11.3 032
283 2,098 Sels .19
302 2,095 21,0 102 .613
3m 2,136 11,2 109 .15
317 2,103 15.0 96 .05
325 2,152 15.0 .09
337 2,073 k.0 W16
338 2,045 6482 95 0L
345 2,109 14,26 <037
361 2,119 12,17 19
369 2,099 12,0 0L
375 2,065 10.0 103 .023
391 20108 Te2 L6
397 2,049 8.0 100 .05
403 2,120 945 113 W11
107 2.039 8.0 11k ~0L8
1o 2,127 10.7L .015

WADC TR 52-53 128
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SECTION IV
DISCUSSION

A. Dielectric Constgnp, Density, and Capacity Index versus Temperature

The effec; of temperature variation upon dielectric constant was
almost identical for all grades of fuel measured. Considering both
unevaporated and evaporated specimens, the maximum variation in the mean
slope of the dielectric constant versus temperature curves was only .0u0oOL
per degree F for all grades of fuel. In four of the five grades for which
the mean slope was calculated, the mean slopes of the evaporated specimens
were slightly less than the mean slopes of the unevaporated samples,

Particular curves of dielectric constant versus temperature show
apparent variations of slope between successive temperatures, but no
significance is attached because these variations correspond in magnitude
to the limit of sensitivity of the measuring circuit.

The density of all fuel specimens was practically a linear function
of temperature in the region of -65°F (-54°C) to 130°F (5L°C).

In general an increase in temperature causes a decrease in
capacity index although many exceptions were noted. In the LO specimens of
grade 91/98, 100/130, 115/1L45, JP-1, and JP-3 fuels tested, the average
decrease in capacity index was .0Q0L4 as temperature was varied from -65°F (-5L°C’
to 130°F (5L4°C). Some of the irregularities in the variation of capacity index
may be due to the fact that a small error in dielectric constant causes a
relatively large error in capacity index.

B. Dielectric Constant, Density, and Capacity at 32°F (0°C): 4ll Specimens

In Figures 29 to 33, inclusive, specimens were arbitrarily arranged
in order of decreasing dielectric constant. The plots of density and
capacity index do not decrease progressively with decreases in dielectric

constant, but a definite decreasing trend is evident.
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Correlations between dielectric constant and density, as shown in
Figures 3L to 38 inclusive, are considered to be satisfactory, the highest
per unit correlation being .962 for grade JP-3 fuel.

Correlations between capacity index and dielectric constant are

also oonsidered to be good although they are not as high as the correlations
between dielectric constant and density.

Figure LU shows that the slopes of all lines of regression of
dielectric constant and density are fairly similar while Figure L5 shows
a relatively large variation in the slopes of the lines of regression of
capacity index and’'dielectric constant.

The mean values of capacity index for the three grades of
reciprocating engine fuels tested agree very closely, the variation being
only .u8 per cent.

The largest variation of capacity index at 32°F (0°C) among the
specimens of any one grade was 5,6% (grades 100/130 and JP-3). The
smallest variation was 3.9% in grade 91/98.

The effect of evaporation of 10% by volume on the mean value of
capacity index was a maximum increase of .30 per cent in all grades with
the exception of JP-1l, which showed a .12 per cent decrease. The effects
of evaporation on the mean values of dielectric constant and density were
found to be increases of .09 to 1.10 per cent in dielectric constant and
.25 to 1.82 per cent in density.

C. Dissipation Factor

The specimens having the largest dissipation factors at LOO cps,
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as shown in Teble 18, were all experimental fuels. However, none of these
values is considered high enough to be detrimental to the operation of a

capacitance type fuel quantity gage.

D. Slope of Density versus Temperature Curves as a Function of Density

The use of the density equations derived from the line of
regression shown in Figure L6 for specimens whose plots are close to line
of regression gives extremely accurate results. For the specimens farthest
from the line of regression, use of the equations causes errors of not more

than .7% at the extremes of temperature.

.E. Dielectric Constant, Density, and Capacity Index at -65°F (~54°C),

J2°F (0°C), and 130°F (5L°C)

The envelopes shown in Figures 47 to 56 were determined by

drawing straight lines through the extreme points at each temperature.
The edges of these envelopes are in most cases parallel to the line of
regression determined at 32°F (0°C).

The extreme points at each temperature usually correspond to the

same gpecimen.

F. Effect of Moisture Content

The effect on dielectric constant of saturating thirteen fuel
specimens with distilled water, synthetic hard water, and synthetic sea
water was very small as shown in Tables 33,34, and 35. The largest change,
43%, occurred in specimen 378 when saturated with distilled water. In
nine of the 39 samples the change in dielectric constant was negative,

The effect of moisture content on dissipation factor at LOO cps

and 77°F (25°C) was found to be negligible.
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The minor effects of water saturation are not surprising in view

of the very small quantities of water which combined with the fuels,

G. Chemical Properties versus Dielectric Constant

Figures 59 to 61 show that as the dielectric constant increases
the aniline gravity constant of the reciprocating engine grades of fuel
decreases.

Lead, sulfur, and aromatic content and initial boiling point

show no correlation with dielectric constant.

H. Evaluation of New Cell

Since the revised cell has practically no change in empty
capacitance‘due to temperature changes, it is extremely well suited for
work in which temperature variations are required.

The cell is equally well suited for successive testing of
samples without measuring the empty capacitance for each sample, In
thies case the cell is flushed with an excess portion of the sample to be
tested. The relatively large capacitance of the cell gives rise to more
accurate measurements.

I. Effect of Storgge and Eandling

Figure 41 shows that the change in the electrical characteristics
of the fuels teken from & B-3€ aircraft before and after flight and from
the loading truck from which the fuel was originally obtained, is small.

It ie considered that the change in characteristics due to storage and
handling is insignificant. The dissipation factors of all three specimens

were below 0,0007 at 77°F (25°C) and 400 cps.
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